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In the modern world we no longer 
worship the Gods of Rain, Sun, Wind, 
and Storm, nor do we feel our former 
helplessness when confronted with the 
action of the elements. But, emanci- 
pated from primitive fear, most of us 
are ignorant of the action of the at- 
mospheric factors which modify our 
every act of work and play. Few of us 
give thought to the fact that our very 
existence is dependent on the atmos- 
phere which surrounds our earth like 
an envelope and protects us from the 
killing cosmic rays of the sun and the 
meteors constantly falling from outer 
space. All these things we take for 
granted. 

On the Wings of the Wind is the 
dramatic story of the air and weather 
around us and the behavior of the 
swiftly changing atmosphere. It weaves 
the fascinating story of the elements of 
temperature, pressure, humidity, air 
masses, and fronts into a completely 
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foreword 

Our small earth lies within a narrow envelope of 
gases which separates us from the great void beyond. We 
know that this atmosphere is unique for there is no other 
like it in the billions of space miles astronomers are able to 
explore through their telescopes. We also know that the 
atmosphere protects us from the vast heat of the sun and 
the deadly perils of outer space. It acts as a huge air con- 
ditioner to regulate the temperature of our world. It is a 
great wheel of electricity, of chemicals and of water. 

Although science has given us confidence about cer- 
tain aspects of the physical world, it has likewise taught 
us that we are soft, tender-celled creatures able to survive 
only within thin limits. But the temperature spectrum of 
our universe extends from millions of degrees on the hot 
stars down to absolute zero, almost five hundred degrees 
below the freezing level of water. However, these extremes 
are mere symbols, remote from the experience of all but 
the professional scientists. Because of the protective cano- 
py of air around our globe, we are much more concerned 
with the minor extremes produced by our daily weather. 

As we listen to the wind in our automatically heated 
homes and huddle against the cold on our asphalt streets, 
all of us are very conscious of the weather. We often won- 
der why we must suffer from its variations and extremes. 
Why do we have the storms and the cold? Does it always 
have to rain when we plan an outdoor festival? We are sel- 
dom aware that the atmospheric vagaries over our earth 
are remarkably mild and do us much more good than 
harm. 



The complexity of contemporary life hinders our un- 
derstanding and appreciation of the miracle of atmos- 
phere. We are concerned primarily with its unpleasant as- 
pects : we reflect upon it darkly when we are confronted 
with a fuel bill or a frozen radiator. If the local forecaster 
commits himself to a sunny day and it rains, we regard 
this as a human failure. In the modern world it is some- 
times hard to realize that weather, like the movement of 
the stars, is not regulated by a man-made ordinance, and 
that its principles are even now imperfectly interpreted 
and only partially understood. 

The purpose of this book is to tell the dramatic story 
of the atmosphere for the non-technical reader. In a sim- 
ple and readable manner, we have tried to unfold the his- 
tory of its effect on the development of our civilization, its 
many variations, the methods of forecasting its changes, 
and the first stumbling steps which man is taking toward 
its control. It is our hope that such a book may help to 
provide a better understanding of the physical world in 
which we live. 



On the Wings of the Wind 



CHAPTER 



I 



The Majestic Roof of Air 

"Who has seen the wind? 
Neither you nor I : 

But when the trees bow down their heads, 
The wind is passing by." 

Christina Rossetti 



Of all the strange and wonderful materials which 
shape our world, none is more miraculous than the chemi- 
cal cloak of atmosphere. In the uncounted billions of space 
miles which they are able to explore, astronomers have dis- 
covered that about ninety per cent of cosmic matter exists 
in the form of the lightest element of all hydrogen. The 
rest is mainly helium, the second lightest, while the re- 
maining heavier elements comprise only two per cent of 
the total. Yet pure hydrogen and helium, so plentiful in 
the universe, are so hard to find in our atmosphere that 
their presence can be measured only with the greatest dif- 
ficulty. In an unparalleled reversal of the cosmic trend, the 
sea of air above us is composed of the dense, rare gases. 
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How was this unique atmosphere created? And by 
what celestial vagaries were the vast quantities of hydro- 
gen and helium evaporated from the air around our 
earth? These riddles have long puzzled astronomers. 

Most scientists agree that billions of years ago an ex- 
plosion, so vast as to defy comprehension, convulsed our 
sun; the dust which was later to become the planets show- 
ered forth in space to cool. Later, as the worlds began to 
form, the baby earth's gravitational field was too weak to 
retain the lighter gases and these were boiled away into 
outer space by the mighty heat of the young sun. Then, 
through the long, dark millennia before the emergence of 
life, the heavier gases imprisoned beneath the cooling 
crust of the earth bubbled forth. These were methane, ni- 
trogen, and some carbon dioxide. The earth breathed 
them outward through cracks, volcanoes, and the dark 
rifts in its shell. Each discharge nurtured the thin atmos- 
phere, and the impenetrable darkness of space was re- 
placed by a sky already turning blue. Clouds formed and 
torrential rains lashed the primeval crust to gather in hol- 
lows and so start the oceans. The first bacteria acted upon 
the methane to convert it miraculously into carbon diox- 
ide. Algae covered the seas with a thin, persistent scum 
and released oxygen by the mysterious process of photo- 
synthesis. The cycle of life had begun. 

Thus, the rudimentary beginnings of life initiated the 
evolution of our present atmosphere, and the decay of 
early plants and the excreta of the first animals continued 
slowly to build the medium of air within which we survive 
and flourish. These processes replenish the atmosphere to- 
day just as the rivers replenish the sea ; the air has become 
a growing medium with a composition varied and con- 
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trolled by the evolutionary trends of the life it supports 
with such bountiful care. 

When man became aware of the evolutionary proc- 
ess, he assumed that the sea had mothered the first life. 
This assumption developed naturally, since most living 
things are composed largely of liquid. The blood of man 
exhibits many characteristics of sea water; it is salty and 
contains most of the same elements. Furthermore, the 
oceans form a soft, protective medium with an even tem- 
perature very suitable for the first, viscous growth. Today, 
however, a good case can be developed to show that life 
originated, not in the sea of water, but in the sea of air. 

Most biologists agree that the first life probably exist- 
ed as a complex protein molecule with one unusual attri- 
bute which differentiated it from all which had come and 
gone before: it could absorb other molecules and dupli- 
cate itself from their materials. Such organic molecules 
possessed the two basic requisites of life: they grew and 
they reproduced themselves. 

The building blocks from which the complex protein 
molecules evolve are the amino acids. For some years, sci- 
entists suspected that these could be made in the labora- 
tory by duplicating conditions similar to those found in the 
earth's first primitive atmosphere. Dr. Harold Urey and 
his associates recently conducted an experiment to test this 
theory. They constructed a test-tube earth with the same 
characteristics which existed on our planet millions of 
years ago when life began. The atmosphere of this test- 
tube earth was composed of methane, ammonia, and hy- 
drogen. Water which contained the same minerals as the 
primitive oceans was placed in the tube. Then the system 
was sealed and the water heated until a vapor, resembling 
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that of the ancient clouds, formed. Small electrodes ener- 
gized the circulating gases, producing a bombardment 
very similar to that of the powerful radiation beamed 
forth by the immature sun which streamed down through 
the first atmosphere. 

The system was allowed to steam its prehistoric brew 
for a week. Then it was disconnected and the contents 
were analyzed. Definite amounts of three amino acids 
were found, proving that these complex substances which 
exist in living tissue could be created in the earth's original 
atmosphere by chemical reaction. 

Doctor Urey and his associates do not claim to have 
created life in their test-tube earth, nor do they entirely 
understand the process by which the evolution of organic 
matter took place. However, their findings do indicate 
that such processes could exist. Had it been possible to 
provide in the test tube all the probabilities of the vast 
ocean of air, and had it been practicable to maintain it for 
an indefinitely long period, we might have seen a replica 
of the first life-molecule come creeping up the evolution- 
ary stairs. 

Perhaps these life-molecules were thus born in the 
clouds above the planet, spawned in the turbulence of the 
lightning and the wind. Later they were rained upon the 
earth and like all things ultimately washed into the sea. 
Once within that mother bosom, they grew and evolved 
and multiplied until the oceans were teeming with them 
and life was firmly anchored upon the periphery of this 
globe. The sea life grew to invade the land; from this mo- 
lecular beginning countless life-forms took shape. Yet all 
were bound by one common element the atmosphere 
which nourished them. 



THE MAJESTIC ROOF OF AIR 17 

For each scientist, our atmosphere holds a separate 
interest. The chemist sees it as a source of raw materials; 
nitrates for explosives and oxides for solvents a chemical 
warehouse, inexhaustible with the accumulations of his- 
tory. The meteorologist is concerned with it as the sun's 
partner in weather-making. To the aerodynamicist, the 
atmosphere is a fluid medium of travel like the surface of 
the sea. According to the space engineer it is a prison. In- 
evitably, each of the specialists in our sciences finds in the 
atmosphere a factor to affect his calculations. 

But we need not be scientists to be aware of the won- 
ders our atmosphere creates for us. If some miracle made 
it possible to survive without breathing, how strange 
would be our awakening in an airless world ! 

With no alarm clock to prompt us, we would awaken 
to a stillness complete and absolute. The world would be 
soundless without the air to carry the pressure waves which 
vibrate against our eardrums. Breakfast would be a cold, 
dismal meal because no fire would burn. We would walk 
to our schools and our jobs since cars would not run with- 
out oxygen to ignite their fuel. The sky would be a dark, 
cobalt blue; the stars cold and unwinking beside the ris- 
ing sun. There would be no predawn light, nor later any 
sunset, without an atmosphere to refract the sun's rays. 
There would be no wind and no clouds no weather at all 
except heat and cold. Meteors would hurtle down from 
outer space to scar our cities without warning, untroubled 
by the atmospheric friction which causes them to burn 
themselves out before reaching the surface of the earth. 

We would acquire a new standard for temperature. 
After a bitterly cold night, the day would soon become un- 
bearably hot as the thermometer rose swiftly above the 
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boiling point of water. We should be forced to seek shelter 
from the sun, because the protective cloak of atmosphere 
would no longer be present to guard us from its killing 
cosmic rays. 

These are but the barest few of the changes which 
would be encountered in an airless world. The most spec- 
tacular effects probably would be produced by the elimi- 
nation of atmospheric pressure. Automobile tires would 
swell up to several times normal size; many would burst. 
Our bodies would feel the tremendous effect of this de- 
creased pressure which would release nitrogen into the 
bloodstream and thus make us victims of the deep-sea 
diver's disease called bends. Our skins would distend and 
stretch much like that of the deep-sea fish hauled to the 
sea's surface. 

Only the astronomers would feel happier about our 
lost atmosphere, assuming that they lived long enough to 
rejoice. Without the blurring cloak of air which, even on 
the best nights, distorts the images of the stars, they could 
solve many of the perplexing mysteries of the cosmic 
depths. They would quickly unravel the tantalizing ques- 
tion of the canals on Mars as they searched through an 
airless space. Many unknown galaxies would gleam pure 
and clear before their amazed eyes and perhaps the full 
extent of the universe could finally be measured. 

In reality,, the airless world would be a grim one. We 
would be tortured by unbearable heat in the daytime and 
incredible cold at night. Painfully huddled against our 
airless and soundless earth, we would be doomed. Almost 
immediately all life would cease on this globe. 

This atmosphere, which provides the life-giving oxy- 
gen for our lungs, exhibits awesome characteristics. It 
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towers above us to form an ocean of gases hundreds of 
miles high. As the blind deep-sea fish must bear the ocean 
pressures, so must we of earth's surface bear the weight 
of the gaseous sea. It presses down on our bodies with the 
crushing force of more than fourteen pounds per square 
inch. The narrow column of air which rests on our shoul- 
ders alone weighs almost two thousand pounds. We are so 
marvelously constituted that we do not even notice this. 
Nor do we often realize, as do our aircraft designers, that 
air has mass and weight. If we could empty the air in our 
living room into a milk can and weigh it, this "milk 55 
would weigh four hundred pounds. 

The deep blanket of air is not of the same consistency 
at all levels, but instead is built more like a four-layer 
cake, each layer having its individual characteristics. 

The region immediately above the earth's surface is 
called the troposphere. This is the heaviest and, to us, far 
the most meaningful part of our atmosphere. It accounts 
for three-fourths of the entire weight of air and contains 
substantially all the water vapor and carbon dioxide. 
Within the troposphere, temperature falls about three de- 
grees for each additional thousand feet of altitude; this 
region acts as a warm blanket to moderate the terrible ex- 
tremes of outer space. 

The area between the troposphere and the next layer 
above is called the tropopause. The average height of this 
boundary varies from about twenty-five thousand feet 
above the earth's poles to over fifty thousand feet at the 
equator. Along the tropopause lie strong high-velocity 
currents of air called the jet streams. These Olympian 
wind tunnels have a profound effect upon our surface 
weather, and will be discussed fully in a later chapter. 
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The second layer of air above the earth is the strato- 
sphere. This portion of the atmospheric blanket contrib- 
utes about twenty-four per cent of the total weight. Nor- 
mally, we would expect that, the farther outward we pro- 
ceed toward the absolute cold of space, the lower the tem- 
perature. This is not true in the stratosphere. Tempera- 
ture is practically isothermal the same through the first 
twenty-five miles. Then, mysteriously, it begins to increase 
from sixty-seven degrees below zero to one hundred and 
seventy above. 

The uppermost portion of the stratosphere is called 
the ozonosphere, and it absorbs a considerable portion of 
the deadly cosmic radiation from the sun. 

In the thin, soundless reaches above the stratosphere 
lies the third layer, the ionosphere. The limits of both the 
upper and lower regions of this area are subject to wide 
daily and seasonal variations. The presence of the iono- 
sphere was predicted by two electronic scientists named 
Kennelly and Heaviside in an attempt to explain the 
unique reception of radio waves noted by early operators. 
The ionosphere is so named because of the large number 
of ions which are present; ions are positively charged 
atoms which have lost some of their electrons. These mon- 
grel atoms cause peculiar reflections of radio and radar 
waves which produce many unusual effects. When the 
ionosphere is disturbed by sunspots which have a great 
influence upon its composition we experience consider- 
able radio interference in the form of static. Temperature 
in the ionosphere dips sharply from one hundred and sev- 
enty degrees to minus twenty-seven and then increases 
rapidly to about four thousand degrees. 
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The outermost level of atmosphere, the exosphere, 
theoretically has a lower limit somewhere between three 
hundred and six hundred miles above the earth. Like the 
other layers, its boundaries are subject to many variations. 
The air is so thin in this layer that the molecules are wide- 
ly separated : many of them break away from the earth's 
magnetic field and become space travelers on their own. 
Because of this molecular wandering, there is no sharp up- 
per limit to the exosphere. It is like steam which drifts up- 
ward from a tropical jungle and gradually disappears. Be- 
cause of our nearness to the sun, the temperature remains 
about four thousand degrees throughout the layer. The 
cold of outer space is bottomless, near absolute zero. 

Through the first fifty miles of outward travel, the 
chemical composition of the atmosphere remains constant 
with a ratio of four parts of nitrogen to one part of oxy- 
gen. Beyond fifty miles, molecular oxygen separates into 
individual atoms; at two hundred miles the same thing 
happens to nitrogen. Within the upper regions of the exo- 
sphere, only hydrogen and helium are present. 

Although we have long been curious about our sea of 
air, the science of its study is relatively new and a great 
many questions remain to be answered. We are puzzled 
and know very little about the upper atmosphere; particu- 
larly with regard to the reaction of the atmosphere under 
the constant bombardment of solar radiation. Because of 
this and other reasons, we have so far been restricted in 
our flight to the lower regions. But we are not satisfied and 
scientists are busy launching unmanned rockets upward 
to probe metallic fingers into the atmospheric brew and 
bring back information which will enable us to go still a 
little higher. 
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We do know that the multilayered atmosphere, in ad- 
dition to protecting us, also provides our weather. Both of 
these duties are closely related, as we shall see. 

The most important effect of the atmosphere upon 
weather is caused by the penetration of the sun's rays. The 
great bubble around our earth provides us with a built-in 
air conditioner known as the Greenhouse Effect, which al- 
lows the atmosphere to act as a trap for the sun's energy. 
Sun radiation comes to us in relatively short waves which 
easily penetrate our atmosphere. Upon striking the earth, 
these rays are transformed into the long waves of heat. 
The atmosphere, so generously allowing the short rays to 
penetrate, acts as a covering blanket against the longer 
waves and thus prevents loss of heat by radiation. This 
heat, which is collected in the air and upon the surface of 
the earth, supplies both the warmth necessary to support 
life and the energy to motivate storms and weather 
changes. It is the main basis for the statement that all our 
energy comes from the sun. 

Another important role of the atmosphere in relation 
to weather is the transportation of water vapor. The air 
around the earth contains an average total of seventeen 
trillion tons of moisture. If this gigantic load were dumped 
suddenly upon the surface of the United States, it would 
cover the country with a blanket of water more than seven 
feet deep. Fortunately, nature has provided a more order- 
ly distribution in the form of rain and snow. This precipi- 
tation is part of the cycle by which water is siphoned from 
the sea to replenish the flow of our rivers and irrigate our 
farms. 

As an example, the warm breezes blowing northward 
from the Gulf of Mexico carry vaporized moisture inland 
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for great distances. When this vapor is condensed and de- 
posited by rainstorms, it eventually drains into the Missis- 
sippi and flows back into the Gulf again. The world-wide 
result is like a gigantic, endless conveyor-belt by means of 
which water is brought to the land. 

As modern technology has advanced, the frontiers of 
science have moved upward into the atmosphere and the 
nebulous void which lies beyond. Each year the sounding 
rockets penetrate higher and higher. Already altitudes of 
over one hundred and sixty miles have been reached. New 
developments in large rocket missiles such as the German 
V-2 and the Navy Viking have already brought us to the 
threshold of a new era. The idea of space travel is no long- 
er as startling and fantastic as it was a few years ago. 

But man's atmosphere is also his prison. Many bar- 
riers remain to be crossed before we can live without the 
support of its protective features. Space travel is more 
than a matter of transportation it is a matter of repro- 
ducing life's environment in capsule, self-replenishing 
form. 

The Naval Air Material Center at Philadelphia is 
now evaluating the first space suit. This idea of the well- 
dressed space cadet's costume was developed by the Navy 
for use in their new experimental plane, the Skyrocket. 
The suit is made of strong rubber casing, corrugated for 
flexibility, with a completely automatic, built-in pressur- 
ized atmosphere. It has been successfully tested to an al- 
titude of seventy thousand feet. 

Since all our thoughts are geared to the conditions 
existing on the earth's surface, it is hard for us to appre- 
ciate the hazards of high-altitude flight. As an example, 
tests show that a pilot suddenly exposed to the low pres- 
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sure encountered at a height of twenty-five thousand feet 
loses consciousness within three or four minutes. This has 
given rise to a new concept called useful consciousness. An 
aviator's useful consciousness decreases rapidly with 
height. At thirty thousand feet it is one minute; at fifty 
thousand feet it has dropped to about fifteen seconds* 

Why do we lose consciousness at high altitudes? 

The reason is a graphic illustration of our depend- 
ence upon the atmosphere. At fifty thousand feet the out- 
side air pressure has fallen to the air pressure inside hu- 
man lungs. Since the diaphragm acts as a bellows to pro- 
duce this low pressure and thus draw air into the lungs, 
there is no manner whereby a human can breathe above 
fifty thousand feet in the free atmosphere, and man be- 
comes exactly like a fish out of water. He gasps futilely as 
his lungs exhaust the air in them and can obtain no more. 
Within fifteen seconds, the oxygen stored in the brain tis- 
sues is reduced to the point at which consciousness is lost. 
In the light of these facts, the need for a space suit which 
will accommodate itself to pressure changes and insure an 
adequate oxygen supply is quite apparent. 

The first man to reach outer space will become the 
loneliest creature of all time. Beyond his own atmosphere, 
he is an alien venturer into an unfamiliar and terrifying 
environment. Because of inherent physical ties with his 
own world, there is no other known planet on which he 
can survive. This fact is illustrated by the following table 
which provides some comparative data on the atmos- 
pheres of nearby planets which might be explored early 
in the conquest of space. 
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PLANET 

Venus 

Earth 

Mars 

Jupiter 
Saturn 



APPROXIMATE 
TEMPERATURE 

122 212 
50 



184 
238 



SURFACE 

PRESSURE 

(Lbs. per sq. in.) 

2.3 
14.7 



1.1 

.75 
.75 



ATMOSPHERIC 
ELEMENTS 

Nitrogen 
Carbon Dioxide 

Nitrogen, Water 
Oxygen, Argon 
Carbon Dioxide 

Nitrogen, Water 
Carbon Dioxide 
Argon 

Hydrogen 
Methane 
Helium, Ammonia 

Same as Jupiter 



One of the striking features revealed by this table is 
the lack of oxygen on other planets. This is one reason why 
future space travelers must take their own atmosphere 
with them, and why any permanent habitation of other 
worlds must remain a future dream. Generally speaking, 
the smaller planets, such as Venus, Earth, Mercury, and 
Mars, have atmospheres which contain such heavy gases 
as nitrogen, carbon dioxide, argon, and water vapor; the 
larger planets, Jupiter and Saturn, have atmospheres 
composed of the lighter gases: hydrogen, ammonia, heli- 
um, and methane. 

Meteorology applied to other planets is a relatively 
new science. The object of such study is not only to supply 
information for future space travelers but also to learn 
more about the atmosphere of the earth, since certain at- 
mospheric factors are better viewed from the outside look- 
ing in. 

Mars is the planet which most resembles the earth in 
climate and composition. Since it is also the closest, the 
surface and surrounding gases have been studied eagerly 
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by both astronomers and weathermen using the latest as- 
tronomical tools. 

Schiaparelli, the Italian astronomer, startled the 
nineteenth-century world when he published his discovery 
of the famous canals of Mars in 1877. The early part of 
this century witnessed many studies of Mars, and consid- 
erable debate resulted. It soon became apparent that an 
intricate spider-web of lines was faintly visible on the best 
nights through large telescopes. They could be seen only 
by certain astronomers with exceptional vision. Many sci- 
entists doubted their existence altogether, while others 
considered them no more than surface cracks. About one 
definite discovery, however, there could be no possible 
doubt. The polar regions of Mars display a glittering 
whiteness which waxes and wanes with the changing sea- 
sons. Percival Lowell, who founded an observatory with 
the express purpose of studying the planet, insisted that 
the colors of the canals change in intensity during the 
year. He believed that the canals became more pro- 
nounced as the polar icecaps faded away. His theory 
coupled with the controversy over the canals themselves, 
led to widespread speculation about the possibility of life 
on our neighboring planet. 

Modern instruments have provided only a few of the 
answers to the riddle of Mars. The atmosphere contains 
three distinct layers. From six to twenty miles above the 
surface, there appears a stratum of thin blue-white clouds; 
these seem to be made of fine ice crystals. Between a 
height of three and six miles there exists a thin violet haze 
which seems to be composed of either ice crystals or water 
vapor. Just above the surface are yellow clouds of dust and 
sand. 
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On Mars, the temperature varies with the season and 
latitude just as it does on this earth. However, Mars is 
farther away from the sun, and the average daily tem- 
perature hovers about zero. The atmosphere is very thin, 
at the surface being equivalent to that of our ten-mile- 
high stratosphere. This reduces the Martian Greenhouse 
Effect, and the daily temperature extremes are much 
greater. At noon on a summer day, the temperature will 
rise to one hundred degrees at the equator; the same 
night, it drops to minus thirty. Two-thirds of the surface 
is covered by a reddish, arid desert. The polar icecaps are 
thin, with an average depth of less than one foot. As they 
melt, a dusky blue color spreads over portions of the plan- 
et. The same hue has been reproduced by sunlight reflect- 
ed from certain lichens and mosses found on the earth. 
The new two-hundred-inch Mt. Palomar telescope may 
provide additional facts about Mars, but most astrono- 
mers are now convinced that there is no animal life as we 
know it on the planet. 

Venus is nearest the earth in size, but because of its 
proximity to the sun, we know little about its atmosphere. 
Venus rotates very slowly; one day on the planet is equal 
to three weeks on the earth. There are only small amounts 
of water vapor in its atmosphere and almost five hundred 
times more carbon dioxide than is present around the 
earth. Observed atmospheric clouds are believed to be 
composed mainly of dust. 

Meteorologically speaking, Jupiter and Saturn are 
very mysterious. They both have definite dark belts and 
light zones parallel to their equators. Jupiter has a dense, 
swirling atmosphere composed largely of methane and 
ammonia gases with traces of hydrogen and helium. Ex- 
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amination of this atmosphere is limited to the upper levels 
which contain huge, opaque clouds which obscure the 
surface below. A gigantic, mysteriously crimson oval thir- 
ty thousand miles long and seven thousand miles wide, 
called the Great Red Spot, is located near the equator. 
This phenomenon has been observed in the same position 
for the last seventy years. The spot is explained by scien- 
tists as being a disturbance in Jupiter's upper atmosphere 
similar to the great cyclonic storms recently discovered 
about thirty thousand feet above the earth. Most astrono- 
mers believe that these upper air storms would appear as 
white patches to observers from other planets. 

Through these studies of the atmosphere and weath- 
er of other planets, we hope to search out the secrets of 
our own air-envelope and thus prepare for the day when 
man emerges from his planetary cocoon. Most of the facts 
explained in this chapter were unknown at the beginning 
of the century; many of them were understood imperfect- 
ly as late as fifteen years ago. Even today some of the 
fundamental relationships within our atmosphere are 
mysteries. But the progress is rapid, and the curtain is lift- 
ing so rapidly that the face of our world seems constantly 
to change. As we venture further into space, the next few 
years will certainly produce greater understanding of our 
atmosphere and its functions. Perhaps the fruits of this 
knowledge will enable us to harness the roof of air and 
make it do our bidding just as we now are learning to con- 
trol the atom. For there is no conquest so unattainable, no 
scientific advance so awesome that man does not dream of 
achieving it some day. 



CHAPTER 



1 



The Atomic Furnace 

". . . Who lights the morning sun, 

And sends him on his heavenly road, 
A far and brilliant course to run?" 
William Knox 



The ocean of atmosphere which surrounds us has 
provided a canopy over the earth for untold ages. It would 
appear logical that this sea of air would long ago have sta- 
bilized into a soft, still envelope so that now there would 
be no thunderstorms, no sudden gales, no lashing rain. 
The reasons why this is not so are simple, although they 
puzzled man for many centuries. It is only lately we have 
become aware that our atmosphere is like soup steaming 
in a gigantic kettle, churned and boiled by the radiant 
heat from our sun. 

Man lives crablike, near the surface of his sphere, im- 
prisoned in a delicately balanced medium between two 
fires. The panoramic sweep of heaven which infolds his 

[29] 
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spinning globe simmers at an ambient four thousand de- 
grees, hot enough to melt the finest tempered steel. His ten- 
tative probing at the earth underneath him finds the tem- 
perature rising sharply over the boiling point of water at 
depths of two miles. Deeper still at thirty miles it leaps to 
two thousand degrees, and the central core where ancient 
men assigned the damned for eternity is a molten mass 
boiling at ten thousand degrees. It is only within the nar- 
row skin of union between earth and sky that the tempera- 
ture and the elements miraculously combine to form an 
environment which permits his existence. 

But the temperature variations which lie above and 
below us, extreme though they be, are minor compared 
with the mighty heat of our sun. Most of us have not yet 
seen and we hope will never see the explosion of an 
atomic bomb, yet daily we watch the hydrogen bomb at 
work. For the sun is a vast ball of just such explosions as 
we are now attempting to create in our laboratories. 
These eruptions are of gigantic power and terrible effi- 
ciency, shooting flames more than one hundred and fifty 
thousand miles into space; and they are the result of the 
energy released by the conversion of hydrogen into heli- 
um. The tremendous heat generated by this transforma- 
tion produces a surface temperature of ten thousand de- 
grees and an estimated twenty million degrees inside the 
sun, lighting the planets and providing warmth so that the 
thin green film of life can survive on the periphery of this 
earth. 

When Einstein established the equivalence of mass 
and energy, he ushered in an age during which many 
startling facts have become evident. The sun, for example, 
daily radiates an enormous quantity of energy. Since ener- 
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gy and mass are mutually convertible, the solar radiation 
corresponds to a weight loss in the sun of nearly five mil- 
lion tons per second. The earth absorbs one hundred fifty 
tons of this mass each day. The sun has been burning for 
more than two billion years, but it is so vast that only one 
tenth of its hydrogen has been lost in this energy-making 
process. At the present rate, it will be another eighteen 
billion years before the big light goes out. 

The sun is the great architect of life. This can be 
seen in the mute testimony of the flowers as they turn 
their faces hourly toward the warm, life-giving rays while 
the sun sweeps around the curve of earth. It can be seen 
in the abundance and vitality of life which reaches sky- 
ward under the direct heat of the tropical sun near the 
equator. It is felt within man himself as he seeks the 
warm sunlit climates during the cold winter months. And 
although the necessities of living mechanisms are many, 
none are so vital as those given out by the sun. Its energy 
provides the vehicle by which plants "digest" their food; 
its warmth maintains the delicate balance of temperature 
which allows the existence of the flesh of animals and the 
liquid state of water. 

But with all his realization of its importance, man 
understands the workings of the sun hardly at all. Until 
the turn of the century scientists thought that the sun was 
merely in the process of cooling after having been heated 
by the mighty primordial flame of creation; but the ener- 
gy equations available today show that such a lifeless body 
would lose its power to radiate heat in approximately 
three thousand years. Since the geological time clocks 
found on the earth's face prove that the sun has lighted 
the world for many millions of years, the cooling theory 
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was discarded. Now most scientists agree that the sun's 
energy must come from that which is stored within the 
atom. 

As man peers at the sun through his astronomical 
tools, the telescope and the spectrohelioscope, he finds 
many things which still puzzle him. There are vast, whirl- 
ing storms which fill his eyes with wonder. He can photo- 
graph the great solar prominences which erupt violently, 
sending finger-like streamers of flame far outward into 
space, and he sees the gigantic dark spots which often 
grow to sizes much larger than his earth. But the reasons 
behind these and other solar phenomena elude him. He 
knows that the sun is millions of degrees hot, but the high- 
est temperature he has been able to generate in his labora- 
tories is on the order of twelve thousand degrees, and the 
effect of this solar heat upon the structure and composi- 
tion of matter remains far beyond his present knowledge. 

The mighty pressures existing within the molten shell 
of the sun are measured in thousands of tons per square 
inch. But the greatest pressure man can generate ap- 
proach these only as a grain of sand approaches the desert. 
The vast core must be liquid because no material known 
or imagined could exist as a solid in such intense heat. But 
this liquid is like no other liquid within the limits of our 
experience for the extreme pressure at the core could 
crush the molecules of all substances into a density far be- 
yond anything we know. We can only guess at the changes 
this produces in the basic atomic structure of matter since 
it is not within our present abilities to investigate them. 

If the observers from other celestial systems know of 
our existence at all, it is only because of the radiated light 
from our beacon sun. The energy it releases permeates all 
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the planets of the solar system and extends beyond them to 
the outer reaches of space to become a true link with in- 
finity. The powerful effects of this radiant energy, uneven- 
ly absorbed by our planet, together with the rotation of 
the earth produce the great circulation patterns of the at- 
mosphere and are the basic cause of all our weather. 

The key to an understanding of weather phenomena 
lies in a knowledge of these circulation patterns. They are 
produced, not by the sun alone, but also by the rotating 
earth; however, in order to simplify the picture, let us first 
assume that the earth is stationary. Thus we will be able 
to see clearly just what effect the radiation of the sun has 
upon our atmosphere. 

If the earth's rotation were suddenly stopped, the sun 
would appear stationary at a point above the equator. 
Most of the heat from its rays would be absorbed by the 
atmosphere midway between the Poles, and this causes the 
air near the equator to be much hotter than that of the 
Poles. The hot air rises, producing low-pressure areas at 
the equator, and the cold dense air from the extremities 
of our sphere rushes in to fill the gap. Warmed by the 
equatorial heat, this air also expands and must rise* The 
result is a gigantic, invisible Ferris wheel of atmosphere 
which circulates toward the equator on the surface and 
away from it at high altitudes. As the upper air flows 
away from the sun, it is cooled and becomes heavy, caus- 
ing a downward flow at the Poles. Thus the cycle is com- 
plete, and the atmosphere is continually on the move, 
aerating our world, shifting constantly over the land, a 
flow without beginning and without end, enduring beyond 
time. 
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The rotating earth superimposes on these basic north- 
south air currents another and more complex flow. As the 
earth rotates, so does its atmosphere. And since outer 
space is wholly frictionless, the mass of atmosphere keeps 
pace with earth. At the equator, the earth's circumference 
is large, almost twenty-five thousand miles. Thus the air 
at the equator turns through twenty-five thousand miles 
of space each day. Since the earth likewise moves at this 
speed, there is little or no surface wind at the equator. 

As the tropical air, heated by the sun, rises to take its 
long northward path to the Poles, it maintains this rotary 
speed. But as it moves north, the earth's circumference 
rapidly grows less, and the earth's surface speed diminish- 
es proportionately. Hence, as the equatorial air travels 
northward, it moves faster than the surface below, and 
the middle latitude winds are born. These winds seem to 
rise in the east and for this reason they are called easter- 
lies. In this manner, the north-south winds produced by 
the sun's heat are twisted unevenly to the west, and the 
winds of the earth blow askew across her surface. 

These simple patterns become enormously compli- 
cated because of the earth's surface characteristics. Some 
areas absorb more heat than others. Mountain ranges de- 
flect the winds into scattered shards. Winds en route to the 
Poles at high altitudes lose their heat, sink, and form swirl- 
ing eddies with the surface streams below. 

A complete discussion of the earth's flow patterns is 
far too complicated for this book, but the effects are inter- 
esting. At the equator the breezes are light, and the pres- 
sure is relatively low. This belt is called the doldrums and 
was shunned by the weather-wise captains of sailing ves- 
sels in ancient times. In parallel bands on either side of the 
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equator are the twin belts of easterlies known as the trade 
winds. They were a boon to many generations of mariners 
who plied the seas from Europe in their sailing vessels 
searching for commerce in the New World. Above the 
trades lie the prevailing westerlies, currents of the temper- 
ate latitudes where most of our weather is brewed. The 
frigid polar easterlies chill the ends of the earth and com- 
plete the general circulation pattern. 

To an observer in space, the earth would appear 
ringed with wind bands, flowing alternately east and west 
a planetary barber-pole as shown on the following page. 

Our visitor in the space suit would be quick to ob- 
serve that in two localities, one just under the polar easter- 
lies and the other at the equator, opposing flow systems 
meet. These boundary regions are called fronts the polar 
front and the inter-tropical front. Both are low-pressure 
areas created by the ascension of surface-heated air to 
higher altitudes, and both are characterized by storminess 
and bad weather. In the United States we are primarily 
concerned with the polar front. The waves and nodes 
which form in it during the winter months invade the 
temperate zone to produce most of our cold weather. 

The radiant power of the sun, beating down on a 
polished earth, would produce the circulation effects we 
have noted. But the earth is not a mirror which reflects 
the sun's radiation uniformly. The great oceans absorb 
and store the atomically generated heat and act as a giant 
thermostat to dampen changes of temperature in our at- 
mosphere. Sea currents carry tropical heat to wash lands 
which would otherwise be snow-encrusted. Half our world 
owes its mild climate to the heat-charged Gulf Stream. 
The land, the mountains, the valleys and the low, level 
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plains each mirrors the sun's energy differently and so 
shapes the local climate. 

The earth's varying geography thus alters the balance 
of temperature throughout the world. Most of the land 
and the highest mountain ranges lie in the northern hemi- 
sphere. This unbalanced distribution, coupled with the fact 
that three-fourths of earth's surface is covered by water, 
produces major temperature changes. If the earth were an 
idealized sphere, the North and South Poles would be the 
coldest regions. In the southern hemisphere this is almost 
correct. However, the northern cold pole is located in Si- 
beria, almost one-third the distance down toward the 
equator. 

The heat equator, or band of hottest temperature, 
varies with the path of the sun. Generally it is attracted 
northward by the continents. During the summer months 
it extends into the United States through the California 
valleys and sometimes almost up to the Oregon border- 
forty per cent of the distance to the Pole. 

The net result of coalescing sun, atmosphere, rota- 
tion, and geography is inconsistency and fluctuation. Al- 
though the steady, ageless sun is the prime mover of our 
weather, it is forever different and unpredictable. Yet 
miraculously these weather variations are but the merest 
ripples in the galactic scale and always remain within the 
incredibly thin limits necessary to foster the fragile, jelly- 
like growth of life upon our planet. 

As the day starts with the sun and sets with the sun, 
so does all else. The total influence of the sun upon the 
earth is today only partially understood and dimly real- 
ized. If it were not for the circulation of the atmosphere 
caused by the great lamp's heat, huge pools of oxygen 
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would stagnate over the jungles near the equator. With- 
out the controls provided by the flowing air, large areas of 
the earth would become unbearably cold and terribly hot. 
We know little of the cosmic radiation in its pure form, 
but that little links its energy units directly into the basic 
life processes. 

There are many possibilities which may bring an end 
to life on this globe: a new chemical in the gaseous enve- 
lope of atmosphere, a single mutation in a presently un- 
remarkable microbe, a sudden shift in the delicately bal- 
anced gravitational field. Any of these might sweep the 
living world away. But thereafter, new life would grow as 
the sun moved northward for the next spring. Only when 
the cinder grows cold, only when morning comes with no 
warmth and no light will the world be truly dead. And on 
that blank and patternless day when the sun dies, then 
only can we say with certainty that the zero cold of time- 
less death will settle on the face of this earth. 



CHAPTER 



3 



Islands in the Sky 

"When clouds appear like rocks and towers, 
The earth's refreshed by frequent showers." 
Old English Weather Rhyme 

The great wind patterns of the earth have been 
known and used by men for many centuries. Since these 
air currents carry our weather with them, it is surprising 
that the tricks and variations of the global weather pat- 
terns baffled the human mind for so many generations. 

The problem persisted primarily because of false be- 
liefs rather than false weather observations. The early 
weather prophets believed, reasonably enough, that the 
canopy of air covered the earth with a uniform, protective 
blanket having the same characteristics at the equator 
and the Poles. Weather was assumed to be a local phe- 
nomenon and many false trails were generated in the 
search for the weather-producing elements. Primitive peo- 
ples explained weather even more simply. It was a form of 

[39] 
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punishment or reward visited upon them by the deities. 
Good weather came from benevolent 3 happy gods; storm 
and drought meant that these overlords were angry* The 
beating of drums and the offering of sacrifices were the 
best way of appeasing their wrath and changing the 
weather. 

The early scientists and primitives were both wrong. 
The world-wide weather observations of today have es- 
tablished the fact that the air over us is divided into huge 
air masses continents of air drifting with the winds of 
earth. These air masses have vastly differing character- 
istics and, as they drift over our part of the world, they 
vary our weather and cover us with alternate umbrellas of 
rain, snow, or sunshine. 

Although the theory that the atmosphere is divided 
into distinct and separate islands of air is less than fifty 
years old, it has already solved many of the riddles of 
weather phenomena. It explains those cold days in May 
and why the southwestern air of the United States is so 
clear. It unravels the puzzle of the thunderstorm and the 
reason for the California fog, and it allows our weather 
men to predict the weather with an average correctness of 
over eighty-five per cent. Like the clue in the detective 
story, it was there all the time. 

Basically there are only two sources of weather air. 
The most important one is the polar region where the 
great winter air masses are born. These are, obviously 
enough, formed of cold air; since cold air does not hold 
much moisture, the polar air masses are relatively dry, 
The second source lies near the equator. This is the spawn- 
ing ground of the tropical air masses which are warm, 
wet, and heavily cloud-laden. 
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The polar air masses are built in the higher latitudes 
above the fortieth parallel over the arctic seas or the ice- 
capped lands near the Poles. Continental polar air masses 
originate primarily near the desolate tundras and waste- 
lands of Canada and Siberia. The polar air mass called 
maritime polar forms over water. Most of the snow which 
falls on the United States comes from the clouds gener- 
ated in one of these air masses. 

The tropical air masses, as the name implies, are gen- 
erally created in the equatorial regions between the Tropic 
of Cancer and the Tropic of Capricorn. Continental tropi- 
cal air masses are not generally associated with our conti- 
nent, but are formed over the arid lands of the Middle 
East, Africa, and Australia. Occasionally one of these air 
masses will form over Mexico and extend into our south- 
western states. This type of air is bone-dryso dry that it 
holds no further interest for us. 

Maritime tropical air masses breed over the warm 
equatorial waters. As a consequence, these air masses ab- 
sorb enormous quantities of water vapor and are extreme- 
ly cloudy. 

In addition to these basic types, meteorologists have 
given names to smaller air masses because of their extreme 
local importance. Those which bear mentioning are the 
Arctic, Equatorial, Monsoon and Superior air masses. In 
general these are only extreme cases of polar or tropical 
types. Arctic air is found on the Antarctic continent, Si- 
beria, and occasionally Canada. It is the coldest air on the 
face of this earth. Equatorial and Monsoon air is found 
over southeast Asia and is extremely moist and warm. 

Superior air is something of a mystery. It is very dry 
and usually exists at high altitudes. Superior air is believed 
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to result from large-scale settling motions in the upper at- 
mosphere. Occasionally such an air mass will overrun 
maritime air and come sliding down the damp slope to 
descend to ground level and cover the southwestern plains 
of the United States and Mexico. The visibility in this 
clear, dry air is remarkable ; some Texans claim they can 
see over one hundred miles which is not a very great dis- 
tance in Texas. 

Just as the nations of the world are separated by their 
boundaries, air masses are kept apart by barriers of their 
own making called fronts. Unlike the continents, however, 
air masses are usually on the move. In rare cases where 
geography constrains them, they may be walled in like 
lakes, captured by the natural barriers of the land. An ex- 
ample of this is the North Pacific air mass which nestles 
against the Olympic range, held there by the westerly flow 
of air aloft. A similar air mass, known as the Azores High, 
exists along the coast of Spain. But such cases are rare. Air 
masses may remain in the same region for long intervals, 
but eventually they begin to move, and in traveling they 
create the changing cycle of weather. The air mass is a 
chameleon with an ability to assume the temperature and 
humidity of the surface over which it flows. If this surface 
is different from its origin, if it is hotter or colder or more 
moist or dry, the air mass will accommodate itself to the 
new condition, sometimes losing, sometimes gaining mois- 
ture, and changing the weather below as a consequence. 

A specific illustration is perhaps the best way of ex- 
plaining the weather changes resulting from the voyage of 
an air mass. Continental polar air will often surge through 
the United States from its Canadian breeding ground. At 
the beginning of its journey, temperatures range down- 
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ward to minus forty degrees, and the citizens of Minnesota 
huddle against their stoves. As the air travels southeast, it 
absorbs heat from the land; by the time it reaches the 
southern states, temperatures are rarely below freezing. At 
this point it is shunted seaward over the warm Gulf 
Stream by the tropical maritime masses swirling north 
from the equator. Once over the Gulf Stream, our wan- 
dering air mass picks up both heat and moisture. In the 
normal course of events, driven by the westerlies, it will 
reach the European continent. As it encounters that cool 
surface, it will lose heat. Since cold air cannot hold as 
much moisture as hot, clouds will form and the water va- 
por will condense into rain. Finally, our air mass will re- 
turn to what it started out to be cold, dry air. 

In their surges across the fields and seas, the air mass- 
es do more than vary the weather. In a wholly automatic 
way they are the thermostats of earth, regulating its tem- 
perature by distributing its heat. The story of this heat dis- 
tribution starts with the oceans. Water heats more slowly 
than land. It reflects about sixty per cent of the solar ra- 
diation, leaving only forty per cent to be absorbed. Land, 
on the other hand, absorbs ninety per, cent and reflects 
only ten. Unlike the land, the oceans do not store its heat 
on the surface to be siphoned away by the winds; its mo- 
bile currents, however, distribute warmth to the vast 
ocean deeps. Moreover, it takes four times as much solar 
heat to raise water one degree as it does to heat an equiva- 
lent amount of earth. 

For these reasons the oceans have become the great 
moderators, acting to narrow the extremes of temperature 
in the air masses which journey over them. These air 
masses, in turn, pass on the beneficial effects of the water 
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to the land. An excellent example of this heat-transfer 
process can be found along the California coast during the 
summer. Cool maritime air from the Pacific flows over the 
sun-baked California farm lands, keeping them so cool 
that the range in temperature between summer and win- 
ter in San Diego is less than ten degrees. 

Along the equator, tropical air masses absorb water 
and are heated by the seas below. This air expands, be- 
comes lighter, and rises through the troposphere. As it 
reaches the higher levels, some of its heat is conducted 
away to the surrounding air. This leaves the rising air 
cooler and it can no longer retain the huge quantities of 
moisture which it carried aloft from the evaporating seas 
below. As a result, clouds form, blotting out the sun, and 
cooling rain falls. Thus the air masses serve to regulate the 
heat absorption so that the lush tropical regions are not 
burned by the direct rays of the sun. Another dissipation 
of solar energy occurs in the hurricanes created by the 
tropical air masses. Huge quantities of heat are trans- 
formed into the motion of the wind and waves during 
these storms. 

In this way, the air masses air-condition the earth in 
the same manner as the forced air systems in our houses 
heat and cool our rooms. Heat is brought to cool areas and 
moisture to dry regions. The total effect creates the mirac- 
ulously narrow range of temperatures which exist on our 
globe and allows us to live in relative comfort on most of 
its surface. 

Weathermen follow and report the passage of air 
masses over our country, since it allows them to estimate 
the nature of weather to come. This information has be- 
come so much a part of our daily lives that we scarcely no- 
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tice it, unless, of course, the prediction does not come true. 
To the aviator, however, weather knowledge is of more 
than casual interest, since he gambles his life on its ac- 
curacy. 

We mentioned earlier that air masses are separated 
by fronts, the region where two air masses are competing 
for the same space. The aviator will make every effort to 
avoid such fronts, since they are the areas of great atmos- 
pheric turbulence and the source of most bad weather. 
However, there is a very considerable amount of bad 
weather which occurs within an individual air mass. Fogs, 
thunderstorms, easterly waves, and tropical cyclones are 
weather problems within an air mass which plague air- 
men and surface-dwellers alike. 

Fog is the airman's most serious foe. It can be pro- 
duced by cooling air masses until all of the moisture pres- 
ent is condensed. We ourselves create this type of fog as 
we breathe our lung-warmed air outward into the winter 
cold. Another type of fog is formed in warm weather by 
simply adding more moisture than the air can hold. The 
plume of vapor from the whistle of a steam locomotive is 
an example of such fog. 

Although the pilot finds all types of fog equally ob- 
jectionable, the meteorologist distinguishes fog by the 
manner of its creation. There are, for example, several 
types of cooled-air fog. Advection fog is formed when 
moist, warm air passes over cool water or cool land sur- 
faces. This type is very common on the East Coast of the 
United States. It occurs when air masses warmed by the 
Gulf Stream pass over the Labrador current which ex- 
tends its icy fingers along the coast. 
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Upslope fog is extremely dangerous to the unwary 
pilot because it generally obscures rocks. This fog occurs 
on mountain slopes when moist air from the sea is shunted 
upward by mountains into the upper and colder altitudes. 
Such fog is really a cloud lying along the ground, and is 
often seen rising up mountainsides in our western states 
during the early morning hours. 

Most of us are familiar with the summer fog which 
forms under cloudless skies during the afternoon and eve- 
ning following a warm sunny day. It is caused by radiation. 
The solar energy absorbed by the land during the day is 
radiated back into the atmosphere after the sun goes 
down. The loss of heat cools the surface air and precipi- 
tates its moisture as fog. 

Most formations of clouds occur when air masses of 
different temperatures collide. Sometimes the results of 
these collisions are quite spectacular. Large-scale mixing 
of air masses often occurs very rapidly. When this hap- 
pens, the atmosphere somersaults and thunderstorms are 
born. These storms begin to form when huge quantities of 
water vapor are lifted into clouds which blot out the sun. 
Then, like the Monday-morning wash hung on the line to 
dry, the moisture is wrung out of them to drench the land 
in torrents. Static electricity is produced by the friction of 
the falling raindrops, the charges build up, ultimately to 
discharge into the ground below. This lightning causes a 
temporary vacuum in the atmosphere and the air, swirl- 
ing in to fill the space, creates the thunderclap. 

In addition to fog and thunderstorms as air-mass 
weather phenomena, we have two disturbances which 
originate in maritime tropical or equatorial air and travel 
in a direction opposite to that of storms in the temperate 
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latitudes. These are called easterly waves and tropical 
cyclones. 

An easterly wave is merely a bend in the inter-tropi- 
cal front. It is oriented in a northeast-southwest line which 
moves irregularly westward. Along this line, thunder- 
clouds build and showers have their maximum intensity; 
the wind may shift from northeast to southeast as the 
storm passes by. 

The two types of easterly waves are mainly identified 
by their areas of rain shower activity. The stable wave is 
characterized by clear skies preceding the weather and 
then about twenty-four hours of light to moderate shower 
activity. This type has very few thunderstorms and is quite 
common around the tropical islands bordering the Carib- 
bean. 

The unstable easterly wave is usually an active dis- 
turbance with rainfall and thunderstorms occurring over 
a period of one to two days. There are usually showers on 
both sides of the line squall; in many cases an unstable 
wave is the parent of a full-fledged hurricane or typhoon. 
To cite an example, hurricane Carol of the 1952 season 
was spawned east of Miami within an unstable easterly 
wave which dumped eight inches of rainfall on Puerto 
Rico in a twenty-four-hour period. 

Such storms may be transformed into raging tropical 
hurricanes by microscopic changes in the upper air-flow 
pattern. It is often true in nature that the difference be- 
tween order and confusion is an extremely narrow con- 
tainment of many complex variables. In the case of the 
hurricane, the difference between a sunny day and a vio- 
lent storm is the consequence of only a minor shift in the 
atmospheric balance. 
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Battle Lines in the Sky 



"Do you fear the force of the wind. 
The slash of the rain? 
Go face them and fight them 
Be savage again." 

Hamlin Garland 



The strife and turmoil of earthly inhabitants are mir- 
rored in the sky where the shifting air masses live with 
each other no more peacefully than do the man-made na- 
tions below them. In fact, a vast, world-wide meteorologi- 
cal war is continuously in progress as the air masses invade 
the territories of their neighbors. These sky battles are 
waged along the common boundaries which, as in human 
wars, are called fronts. The fronts mark the interlocking 
of two radically differing atmospheric societies and they 
are responsible for most of the world's stormy weather. 
Like the great air masses they divide, the turbulent fronts 
travel over the earth from west to east to provide an ever- 
changing panorama of weather. 

1481 
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As with man-made politics, all border clashes do not 
provoke shooting wars, and many fronts pass over us with- 
out so much as a drop of rain or a cloud to obscure the 
sun. Such boundary zones are called weak fronts by 
weathermen and are caused by the meeting of air masses 
whose temperature and moisture content are similar. 
When, as is more likely in our country, the air masses dif- 
fer radically in their temperature and moisture, the result- 
ing front is said to be strong and the frontal passage is ac- 
companied by violent rain, sharp wind shifts, and rapid 
temperature changes. Most of the rain, almost all of the 
vast blankets of covering clouds, and a large percentage of 
our turbulent winds are generated in strong fronts. 

Although weathermen have many names for the 
fronts which drift across our sky, they are usually classified 
according to the temperature of the air behind them. 
Those fronts which are followed by colder air are logically 
called cold fronts. On the other hand, warm fronts are fol- 
lowed by warm air. Since these two air-born battle lines 
cause more than three-fourths of our weather, we will ex- 
amine them more carefully. 

A cold front develops when the leading edge of a 
cold-air mass meets the trailing edge of a warm-air mass. 
Cold air, being heavier, will underrun warm air in the 
same manner that a shoe can be slid under a rug. Because 
of this undercutting movement of air, the front of the cold 
air mass forms a gigantic, invisible wedge of atmosphere 
extending backward from the point of surface contact. 
The upward curve of this wedge, as illustrated in the ac- 
companying diagram, constitutes the cold front and pro- 
vides the battleground for the most violent skirmishes of 
the meteorological war. The cold front consists of turbid 




A COLD-FRONT TYPE OCCLUSION 

mixtures of hot and cold air, gusty winds, and vertically 
developed clouds which present a dark and foreboding 
appearance. Long lines of these cumulo-nimbus clouds ex- 
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tend throughout the length of the cold front, rising sky- 
ward like giant mountain peaks. They are characterized 
by an anvil-like top which is shaped when their tips are 
flattened by the strong westerly winds of the upper atmos- 
phere. Violent rain, squeezed out of the warm air as it is 
pushed upward, drenches the earth below, while thunder 
and lightning form a fitting backdrop for the sky-born 
battle. 

The cold front is usually heralded by high cirrus 
clouds which ride like lacy messengers well ahead of the 
storm. These are blown from the tops of the billowing 
thunderclouds which are next to follow them. Finally, the 
surface front arrives with its vertical clouds, heavy rain- 
storms, and gusty winds. These winds generally blow from 
the south or southwest. As the surface front passes, the 
winds shift radically to the northwest and the tempera- 
tures drop often with startling suddenness. The cold- 
front skies clear rapidly once the surface front passes, and 
the damp cool atmosphere soon has a gemlike clearness. 
A cross section of a typical cold front and its appearance 
on a weather map is shown below. 
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A warm front develops when a warm-air mass fol- 
lows a cold-air mass. The light warm air rides up above 
the cold, producing a soft creamKke blanket over the 
heavier milk of the cold-air mass; thus the warm front 
also forms a wedge of cold air over the earth. But unlike 
the cold-front wedge, the warm-front wedge extends 
ahead of the surface front. It is also much flatter than that 
of the cold front; as a result, the warm front is much wider 
than the cold front and its weather extends over a greater 
area. While the average cold front has a cross-sectional 
width of fifty miles, the warm front is usually about two 
hundred miles wide. 

Warm-front boundaries are a zone of atmospheric 
battle resembling exactly those of the cold front. The 
moisture of the rising warm air condenses to form clouds 
and bring rain. However, there is a sharp difference in the 
form of these clouds. They lie over the land in a flat blan- 
ket which slopes downward toward the surface boundary. 
The rain falls in a monotonous drizzle which may last for 
days. There is very little thunder and lightning, and the 
winds are light instead of gusty. High cirrus clouds drift in 
softly ahead of the warm front and gradually thicken into 
a solid layer of gray clouds. As the surface front ap- 
proaches, one has the feeling that one can reach up and 
touch the slow moving clouds. The visibility is poor; often 
thin fog forms in the steady rain ahead of the front. As 
with all frontal passages, the wind shifts usually from 
easterly to southerly as the front passes. The air becomes 
noticeably warmer behind the front. Compared to the 
slashing,, beachhead type of battle of the cold front, warm 
frontal passages have the personality of heavy slowness 
characteristic of a long winter campaign. The sketch be- 
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low shows the atmospheric cross section of a warm front. 

When accompanied by temperature changes, the 
sudden shifting of rain-laden winds is the surest indication 
of a frontal passage and of better weather to come. 
Weathermen,, observing these facts on their recording in- 
struments, earn an easy reputation for reliable forecasting 
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ATYPICAL WARM FRONT 

while the local weather is still bad. We can forgive this 
easy victory, however, when we realize that these oppor- 
tunities are rare and that for the most part they must study 
endlessly the areas hundreds of miles away in order to pre- 
dict the local weather. 

The passage of the giant storm fronts becomes a con- 
tinuous cycle as the air masses travel their great atmos- 
pheric routes. They weave the local sky into a pattern of 
ceaseless change, providing variety and diversity to make 
the air alternately gray and blue, sunny and rainswept, 
dappled with tufted cirrus, or darkly coated by low stra- 
tus. The result is distribution. Water is brought to the arid 
land and heat is delivered to the cold places of the sphere. 
Just as the ships carry their cargo from one nation to an- 
other over the world's waterways, so do the weather fronts 
transport the riches of the atmosphere over the earth. 
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Areas neglected by the treasure-laden fronts are for the 
most part shunned by living things. Some lie as tranquil 
and barren deserts under the pitiless sun, while others are 
coated by eternal frost. 

In the northern hemisphere, fronts move from west 
to east at an average speed of fifteen miles per hour, but 
they do not always travel at the same rate. The reason 
for this difference in velocity lies in the variation in the air 
pressure between the air masses. Some contain relatively 
dense air which rises to great heights over the earth; such 
air masses exert high pressure on the surface below them 
and result in what weathermen call high-pressure zones* 
Dips and valleys also occur in the atmosphere, and the air 
masses which contain them are said to possess low-pressure 
zones. High-pressure air tends to flow toward a low- 
pressure area much as water can be sucked from a "high- 
pressure" glass into a "low-pressure" mouth through a 
straw. For this reason high-pressure air following a low- 
pressure air mass will be sucked toward the low pressure 
and will gradually overtake the low-pressure air mass. The 
intervening body of air, caught between these two oppos- 
ing pressure systems, will slowly be squeezed skyward until 
its forward and rear fronts meet. When this happens, the 
point of contact is called an occlusion and the new line of 
battle is termed an occluded front. 

The blue waters of the Pacific are often the spawn- 
ing grounds of these occluded fronts. As the warm and 
cold fronts sweep inland like ocean waves to cross the 
shore line of our western states, they are delayed by the 
high coastal mountain ridges. Occasionally this delay per- 
mits later fronts to catch up and engage the straggler, pro- 
ducing occlusions and occluded fronts at the points of con- 
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tact. Other occluded fronts are formed over the prairie 
plains of our rnidwestern states when the polar continental 
air mass sends icy fingers stabbing southward. Such pro- 
tuberances in the polar front are called waves. As these 
waves deepen, their sides draw closer together. Eventually 
contact occurs between the leading and following edges- 
each a true front in its own right and an occluded front 
is born. The early stages of this process, before the fronts 
meet, produces the weather phenomenon known as a 
wave cyclone similar to that pictured below. 
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ATYPICAL WAVE CYCLONE 

It will be noted in the diagram that three types of 
air are involved in the occluded front. The central section 
just below the occlusion is covered by a blanket of warm 
air. The region just before the front is cool; the air fol- 
lowing the front is definitely cold. The conversion of a 
wave cyclone into an occluded front takes place when the 
pressure drops in the warm middle sector, causing the two 
fronts on either side to approach and make contact like 
the claws of a lobster. When this takes place, the warm 
air is gripped between the cool and cold air masses and 
squeezed aloft. In a practical sense this means that oc- 
cluded fronts cause cold surface weather since the warm 
air is lifted away from the earth's surface. 
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The exact characteristics of occluded fronts depend 
upon whether the coldest air lies ahead of, or behind, the 
occlusion. When the coldest air lies ahead of the surface 
front, the system is known as a warm-front type occlusion. 

A typical warm-front occlusion is illustrated below. 
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FRONT 

Another type of occluded front occurs when the coldest 
air is behind the surface front. As before, the warm air is 
pushed aloft, but the front remaining on the surface is now 
the cold front which has nudged its way under the cool 
air. 

From the standpoint of a ground dweller, the passage 
of an occluded front does not appear significantly worse 
than the passage of a strong cold front. Both types of 
weather are equally bad. However, the appearance of an 
occluded front on his weather map is a matter of the 
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greatest concern to an aviator. One of the most important 
features in his flight planning is the avoidance of that area 
near the occlusion where the warm and cold fronts meet, 
for here the meteorological combat is fought in its most 
violent form. Giant thunderstorms, extreme turbulence, 
slashing rain, and assaulting lightning greet the unhappy 
aviator who has the misfortune to blunder into these de- 
structive areas. Of the two types of occluded fronts, the 
cold-front occlusion is the more violent, since the energy of 
the warm-front type is spread over a larger area. If either 
one lies in his path, however, the wise pilot plots a detour 
to avoid both types of ambush. 

So far in this chapter we have discussed the influence 
of the three major frontal types upon our weather. In gen- 
eral the passage of these fronts, coupled with the individu- 
al characteristics of the air masses themselves, account for 
most weather. However, some unusual aspects of the 
frontal systems affect our everyday life and warrant a 
closer look. 

Most of us who live in the southern states have ex- 
perienced the squall or, more exactly, the pre-frontal 
squall. Very few people have encountered the squalls' vio- 
lent relative, the tornado, which we shall discuss fully in a 
later chapter. The pre-frontal line squall often occurs to- 
gether with a cold front when the winds aloft are stronger 
than those at the surface. When this happens, the frontal 
weather is whipped ahead of the surface front like foam 
from the crests of waves in a high wind. This weather then 
becomes a frontal line squall as shown below. Such squalls 
arise suddenly and, although of brief duration, can be ex- 
tremely violent, smashing roofs, uprooting trees, and, cap- 
sizing sailing craft. Only its localized radius of action and 
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sliort duration prevent the squall from becoming a major 
enemy of man. 

The sinister, majestic thunderstorm is the siege gun 
of the weather war. Within its dark and turbulent depths 
exist the last remnants of the primeval struggles which 
convulsed the young earth during its formative millennia. 
The black, writhing pillar cloud and the tufted ramparts 
and battlements which surround it have awed man 
throughout the ages. Even the ancient Greeks, sophisti- 
cated in art and philosophy, credited the thunderstorm 
with godlike powers. They explained its lightning as the 
wrath of their god Zeus, who was said to hurl the bolts 
from his own hand. Early primitive peoples gave the 
thunderstorm a place of respect second only to that ac- 
corded to the mighty sun. Our language is filled with de- 
scriptive phrases which epitomize the storm as the ulti- 
mate in speed and might, such as "quick as lightning" 
"loud as thunder" and "a bolt from the blue" These and 
many other expressions show how deeply the thunder- 
storm has impressed itself upon man's consciousness, and 
with good reason. Although often more catastrophic, 
weather is never more dramatic than when it appears as 
the titan thunderstorm. 

The anvil-topped thunderhead, called cumulo-nim- 
bus by weathermen, can be created by any conditions war- 
ring in the atmosphere. The most familiar of these is the 
cold-air mass thunderstorm which occurs with great fre- 
quency, particularly in the interior of the United States, 
during the spring and summer months. During these sea- 
sons cold-air masses creep over the land surfaces which 
have been baking under the sun. The earth acts as a giant 
stove and heats the lower layers of atmosphere, and the 
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warming air absorbs moisture as a sponge. This hot air 
then rises, expanding and boiling and spiraling upward 
into the colder regions above. 

The expanding air quickly loses its heat and com- 
mences a process which resembles that of the Monday- 
morning wash as it goes through the wringer. The higher 
the air rises, the less its pressure becomes, the more it 
expands, and the more it is cooled. Finally, the water va- 
por, which had been carried aloft with the warm air, be- 
gins to condense. The resulting fair-weather cumulus 
clouds dapple the afternoon sky on many a warm after- 
noon. 

Very few of these plumed cumulus clouds grow into 
full-fledged thunderstorms. In appearance they are fluffy 
and round, with a flat bottom; generally they are all at ex- 
actly the same height. To an aviator flying beneath them, 
they appear like a batch of rising biscuits, sitting on an in- 
visible pan, ready to be popped into the oven. As the plane 
flies under them, it is bumped and jolted by the rising air 
currents which feed them. Glider pilots and soaring birds 
fully appreciate this phenomenon and wisely maneuver 
below such clouds to use the updrafts which rise beneath 
them. 

By watching these clouds, we can sometimes see a 
thunderstorm born before our eyes. If the moisture con- 
tent of the air is high, if the day is hot, and if the upper air 
is unusually cool, the cumulus clouds continue to build un- 
til they tower high in the sky. The interior of the clouds 
changes from fluffy white to an ominous black. Water 
droplets form and are shunted heavenward by the up- 
sweeping air. Some of these travel higher and higher until 
they rise above the freezing level; at this point they harden 
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into hailstones. The hailstones become larger often as big 
as golf balls when they are joined by water droplets from 
below. Finally, when the updraft air can no longer 
support its burden, rain and hail begin to fall. At this 
point, the thunderstorm is said to have reached its mature 
stage. 

As the rain and hail mix and boil in the cloud, they 
produce static electricity in much the same manner as a 
comb produces static charges when rubbed over a cat's 
back. Under the abrasive action of the atmosphere, the 
electrical charges grow and combine until the thunder- 
head is a gigantic storehouse of electrical power. The cen- 
tral portion of the cloud becomes negatively charged; the 
upper and lower layers acquire a positive charge. When 
the difference in electrical potential grows to about fifty 
million volts, flashes of lightning rend the sky. Air in the 
path of the discharge is pushed aside and a near-vacuum is 
instantaneously created. The stricken atmosphere hastens 
to heal its scar and the air rushing into the void creates the 
noise we know as thunder. 

As the storm grows older, the thunderhead may even- 
tually form an anvil top. This will occur when the top of 
the cloud reaches a height at which it is caught by the 
high-velocity winds aloft. At this point the roll cloud at 
the bottom will be most pronounced and the thunderstorm 
will have achieved its most classic form. Generally, the 
flow of air in the thunderstorm is upward from the rear 
and forward and down at the front. If you are near a 
thunderstorm and feel a blast of cool air, you can be con- 
fident that the storm is coming your way. 

The dissipating stage begins as the downdraf ts spread 
throughout the storm. Since the upper air is cooler, these 



BATTLE LINES IN THE SKY 65 

downdrafts chill the cloud. Finally there are no updrafts 
in the storm, and the cloud itself begins to die. If we watch 
a thunderstorm through its final stages, we will notice that 
the cloud becomes much thinner and tends to flatten out 
or stratify, in the words of professional weathermen. The 
life of a thunderstorm is amazingly short, and the cycle 
from beginning, through roaring storm with thunder, 
lightning, and precipitation to complete dissipation rarely 
takes more than a few hours. Some cumulo-nimbus clouds 
attain the awesome height of sixty thousand feet while 
others rise no more than thirty thousand. 

The modern aviator has a healthy respect for the de- 
structive thunderstorm. If at all possible, he will attempt 
to fly around it; if he cannot do this, he may turn around 
or seek to penetrate the storm at a low altitude. When he 
does go through a thunderstorm, he will be prepared for 
a rough ride. He will brighten his cockpit lights so that 
blinding flashes of lightning will not leave him momen- 
tarily sightless, unable to see the instruments. He will cau- 
tion his crew to strap themselves tight in preparation for 
the turbulence. He will also watch carefully for the light 
greenish color which is characteristic of clouds containing 
hail. 

Hailstones are a real hazard to flying, although the 
smaller ones are of no particular significance. However, 
in bad thunderstorms where the updrafts have been vio- 
lent enough to keep the small hail pellets above the freez- 
ing level until they have become large sometimes larger 
than baseballs hailstones are very dangerous. These 
larger stones are weather shrapnel which not only destroy 
aircraft but sweep across the surface with a destructive 
flail which demolishes crops, scars automobiles, breaks 
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windows, and in general menaces life and limb. Fortu- 
nately, the severity of such bombardments is short-lived, 
and damage is usually confied to small areas. 

On the nuisance side, one of the most aggravating 
weather situations is that which occurs when we are af- 
flicted by continuous rain. Life hi general becomes exas- 
perating when the skies are covered with leaden rain 
clouds for days on end. Small children must stay indoors, 
shopping is difficult,, the ground is soft and muddy, and 
only the taxi driver faces each oncoming wet day with as- 
surance. Such periods almost always occur when an over- 
head front stagnates and ceases to move. Such weather 
conditions are called stationary fronts. They often occur 
when two air masses align themselves over the United 
States with high-pressure areas to both east and west. Oc- 
casionally, cold air from Canada and moist air from the 
south, bringing up thousands of tons of moist air from the 
Gulf of Mexico, meet in stationary fronts. These condi- 
tions produce a perfect rain factory and are often the 
cause of great floods over the rnidwestern states. Intense 
fronts on the move also deposit huge quantities of rain, but 
the precipitation is spread over a wide area. When fronts 
cease to move and the entire war takes place in one area, 
the results may be disastrous. 

The rocky gorges and tree-crested slopes of the Rocky 
Mountains are often the scenes of another type of station- 
ary front. The moist, warm air of the Pacific merges here 
with the sharply contrasting dry, cold continental air from 
the Canadian plains. The turbulence of the front is further 
intensified by the air shunted upward by the mountain 
range. When a cold air mass lies over Canada, tempera- 
ture differences across this front can be as much as eighty 
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or ninety degrees, and a battle royal ensues over the sta- 
tionary front. These conditions help to explain why there 
are no major industrial cities in the Rocky Mountains* 

An unusual weather phenomenon involving a non- 
existent front occurs near the equator. Over this hot spot 
lies a band of weather commonly called the inter-tropical 
or equatorial front. Actually this zone is not a front at all. 
By definition, a front is the meeting zone of two contrast- 
ing air masses. By contrast, the inter-tropical front lies en- 
tirely within the tropical air mass and in reality is pro- 
duced by large-scale vertical air movements. The heat of 
the sun beating down on the equatorial atmosphere acts as 
a giant elevator to lift the moisture-laden air skyward. 
Violent weather results from the meeting of the upward- 
flowing warm air and the cold currents of the strato- 
sphere. This battle area may extend from the surface to 
great heights, and it contains some of the most turbulent 
currents known to our atmosphere. The equatorial con- 
vergence zone fluctuates in position and intensity each 
day, following the sun in its annual trip north and south 
of the equator. The incredible energy of the tropical heat 
evaporates millions of tons of water upward, to be con- 
densed into massive tropical thunderheads which tower 
forty and fifty thousand feet above the coral seas. When 
the saturation limit is reached, torrential rain lashes down- 
ward to shower some tropical islands with more than thir- 
ty inches in a single day. This amount is considered a good 
rainfall for an entire year in most parts of the world. 

In this chapter we have outlined the great air-borne 
global conflicts which produce our stormy weather. The 
knowledge of air masses and their meteorological battle 
lines which we call fronts is far from complete. Indeed, 



68 ON THE WINGS OF THE WIND 

forty years ago the word front did not exist. However, for 
the first time in the history of our earth we are no long- 
er subject to the surprises and whims of the ever-changing, 
eternal cycle of weather. Although our present ability to 
forecast is limited to a few days ahead at best, our tech- 
niques will advance as more information becomes avail- 
able. After reviewing the marvelous strides of the past half- 
century, who can tell where we will be in the next? This 
much is certain : each passing year will increase our inde- 
pendence from the elements of our planetary environ- 
ment. 
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The Imperfect Balance 

"Sometimes wind and sometimes rain. 
Then the sun comes back again, 
Sometimes rain and sometimes snow 5 
Goodness^ how we'd Hke to know 
Why the weather alters so." 

Ford Madox Ford 



On the twenty-ninth day of January, 1953, a small 
low-pressure area developed in a cold-air mass about two 
hundred miles south of Iceland. The birth of the resulting 
storm went practically unrecorded except by the few ships 
which happened to be passing through those cold and 
seldom-traveled seas. To the sailors, who were familiar 
with the storm-lashed North Atlantic waters, another 
storm was not considered remarkable. 

Due to a combination of somewhat unusual circum- 
stances, however, this storm was unique. At the same time 
that the low-pressure area was deepening, a high-pressure 
belt of warm air, stretching from Africa to Iceland, began 
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moving eastward to meet it. The result was the most vio- 
lent European storm since the year 1703. 

The North Sea which separates England from Nor- 
way and Denmark is formed like a gigantic funnel. Almost 
three hundred miles wide between Scotland and Norway, 
it narrows to not more than twenty miles at the English 
Channel. Our small cyclone, now grown lusty, was pushed 
rapidly past Ireland toward the mouth of the funnel by 
the flow of high-pressure air from behind, gaining in in- 
tensity all the way. 

As bad luck would have it, the storm developed dur- 
ing a period of unusually high tides. By the thirty-first of 
January it was full-grown, with winds which roared with 
terrific force at speeds up to 115 miles per hour. On the 
crest of the high tides, the waves became mountainous. 
On the morning of the thirty-first, the storm suddenly 
caught up with the Princess Victoria, a 2700-ton ferry 
placidly nosing its way across the North Channel to Ire- 
land. Within moments, the ramp doors of this vessel were 
smashed and the engine-room flooded, leaving the little 
ship helpless. It was quickly blown across the channel by 
the raging winds. Five miles from the Irish coast, the boats 
were lowered. Many were smashed and most of the re- 
mainder capsized. As a result, 132 of the passengers and 
crew lost their lives ; only fourteen were saved. 

The storm traced a path of devastation across the 
northern tip of Scotland down into the North Sea funnel. 
Portions of the east coast of England around Norfolk have 
been reclaimed from the sea and are protected by huge 
dikes. More than half of Holland lies below the level of 
the high tides and is kept dry only by similar sea walls. As 
the storm struck the dikes in full fury, they were first 
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cracked and then punctured by huge, gaping holes. The 
north winds blew bitterly cold and the waters which drove 
over the land were flecked with chunks of ice. 

By the second of February, the storm was dying and 
reduced to fitful gusts. By now, the damage was estimat- 
ed at hundreds of millions of dollars and each new tide 
brought hew floods to the country of the Netherlands. 
Two thousand people were killed and thousands more left 
homeless. The work of rescue and reclamation began im- 
mediately and is still going on. This was the worst storm in 
three hundred fifty years and it is estimated that three 
years will be needed to repair all the damage done. 

Cold fronts such as the one we have just described 
often sweep across the North Atlantic during the winter 
months. The icy winds and high waves which they gen- 
erate are so frequent as to be the general rule rather than 
the exception. Fortunately, however, the world weather 
conditions seldom combine to buUd cyclones as violent as 
the great storm which slashed across Europe in 1953. 
However, the oddity is not that these terrible, destructive 
storms occur, but that we are not afflicted with more of 
them. 

Indeed, it is necessary to probe only superficially into 
our universe to find far greater atmospheric disturbances. 
The fantastic storms which daily sweep across the surface 
of the sun are one hundred thousand miles in diameter, 
ten thousand miles high, and millions of degrees hot. By 
comparison, the worst of our earthly cyclones is scarcely a 
ripple in the pool of cosmic energy. Astronomers have 
found that even the atmosphere of the sun must be con- 
sidered placid when its turbulence is compared with that 
of many other bodies found in the heavens. 
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We cannot dismiss this comparison by saying that the 
earth and other planets are different from the burning 
stars because, although this is true, the earth's atmosphere 
and materials contain the same inherent energy. Further- 
more, we are constantly flayed by the fierce rays of the 
sun and other cosmic bodies. It is only because of the hair- 
thin balance existing in the atmosphere that we are saved 
from being burned and vaporized by this tremendous 
bombardment which beats down upon us with a continu- 
ous force equal to two hundred and fifty billion horse- 
power. Life is permitted to exist only by the swirling at- 
mosphere which dissipates and apportions this radiated 
energy. The vast cold-front storms are one medium 
through which the circulating atmosphere reduces the 
enormous quantities of trapped solar heat. 

As a result of these processes, the heat released to the 
earth's surface is a mere fraction of the total radiation 
which comes our way. The vast remaining bulk of solar 
energy is kept in balance by the miraculous, orderly mech- 
anism we call atmosphere, and that atmosphere provides 
the means whereby the billion-ton radiation forces are 
matched and neutralized by other equally gigantic forces. 
The resulting state of neutrality allows us to live in our 
world. 

In the face of this huge massing of energy, man can 
be compared to an ant living near the spillway of a giant 
dam. Occasionally droplets splash over and the ant is 
convinced that the heavens are descending upon him. But 
this temporary inconvenience is nothing when measured 
against the tragedy which would obliterate the ant's world 
if the dam were to burst. 
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It is these tiny droplets of weather which are inflicted 
upon our world. Because they have become a part of our 
daily experience, we are much more aware of them than 
we are of the delicate balance which keeps the enormous 
forces of the universe from destroying us. But the balance 
is ever precarious. Occasionally it suffers a minor upset, 
and for a brief moment we catch a glimpse of the titanic 
energy around us. When this happens, the mightiest forces 
created by man, even his vaunted hydrogen bomb, are 
dwarfed by comparison. The swirling clouds of the small- 
est hurricane contains the energy of thousands of hydro- 
gen bombs. In the face of such phenomena we are re- 
minded again of the narrow and miraculous margin by 
which we are protected from extinction. 

The balanced energy in the earth's atmosphere dem- 
onstrates its strength in truly incredible ways once it be- 
comes unsettled. This fact is often illustrated in startling 
and terrorizing fashion to the modern airman, as indicated 
in the following true experience. 

One winter day during the war year of 1944 an Air 
Force pilot was flying a heavily loaded cargo plane over 
the hump, that rugged mountainous strip of land which 
contains the Himalaya Mountains and separates India 
from China. He was "on instruments" and flying through 
thick, freezing clouds which caused heavy layers of clear 
ice to build on his wings. The miniinum safe altitude for 
his route was fifteen thousand feet. Somewhere in the 
misty void ahead of him was a mountain over thirteen 
thousand feet high, but his plane was unable to maintain 
even that much altitude. In fact, he was now flying at nine 
thousand, just barely able to nurse the plane along at 



74 ON THE WINGS OF THE WIND 

minimum safe flying speed with the maximum power set- 
ting he could use. 

The pilot was in real difficulty. It looked as though 
he had the choice of crashing head-on into the side of the 
mountain or bailing out with his crew into the wild, barren 
Himalaya steppes below. The latter alternative was al- 
most certain to result in death by exposure, but at least it 
offered a bare chance of survival. He was just about to hit 
the warning button to notify the crew to bail out when an 
amazing thing occurred. The fifty-thousand-pound air- 
craft began gaining altitude at the rate of two thousand 
feet per minute as though some giant hand were propel- 
ling it upward ! 

At sixteen thousand feet, the pilot nosed the plane 
over, but he gained two thousand feet more before he was 
able to stop the sudden climb. At slightly over eighteen 
thousand feet, he was finally able to level off the plane 
and settle back with a sigh of relief. 

Was this some miracle unique in modem flying? Not 
exactly. 

Every aviator has encountered such strong vertical 
gusts in flight. They are the result of local air currents 
which develop in the mobile air masses similar to the way 
eddies and swirls appear in a running brook. Generally 
these gusts impart only a slight bump to aircraft in flight 
and their vertical speed is only a few feet per minute, but 
they serve as a constant reminder to the flier that the at- 
mospheric balance is seldom perfect. Our pilot had the 
good fortune to blunder into the giant updrafts of a grow- 
ing thunderstorm when he needed a lift. He was lucky, 
indeed, for the odds were equally good that he would hit 



THE IMPERFECT BALANCE 75 

strong downdraf ts which might have shattered his aircraft 
and crew against the rocky gorges below. 

The titanic forces of the atmosphere produce other, 
quieter phenomena which also bedevil us, and in some 
cases their formation is assisted by man himself. This is 
particularly true with some types of fog. Formerly a minor 
nuisance except to navigating ships and aircraft, in recent 
years fog has become a major problem in many areas. Its 
feathery mists and cloying dampness are common weather 
phenomena found almost everywhere in the world. Ac- 
tually, fog is another name for clouds which lie along the 
surface of the earth. As an illustration, suppose we find a 
cloud layer two thousand feet above the surface of a valley 
joining a nearby mountain. A weather station in the val- 
ley would report a cloud layer two thousand feet high. A 
station on the side of the mountain above two thousand 
feet will report fog. 

During recent years a very curious and steady in- 
crease has taken place in the incidence of fog over the 
world's industrial areas. For a long time scientists were 
puzzled by this development until they noticed the striking 
corollary between the increase in fog and the growth of 
manufacturing industry. Studies showed that, as new 
plants and factories were built, fog crept over the sur- 
rounding towns with increasing frequency. This fog was 
different from the pure mists which develop naturally 
when moisture-laden air is cooled. It was often yellow in 
color and contained toxic gases which made people sick 
and sometimes even killed them. They called this new 
killer smog. 

As new plants are constructed, their stacks belch ad- 
ditional loads of chemicals and combustion products into 
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the already overburdened atmosphere. Much of this air- 
borne debris is too heavy to be carried by the winds, and it 
falls as grime to smear our city streets. Some of the lighter 
particles and the waste gases, however, remain air-borne, 
to be dissipated slowly by the winds. This pollution is not 
serious until water-laden air combines with it in an unholy 
alliance to form smog. Once a rare and temporary irri- 
tant, the mixture of fog and industrial pollution now 
hangs over many of our cities to befoul the air and kill 
living things to such an extent that it has become a major 
problem. 

In December of 1952, the city of London was blan- 
keted by one of its famous pea-soup fogs. Cleaning winds 
had died until there was no movement in the air. Trans- 
portation and communications ground almost to a halt, 
but the city continued to pump the vast accumulation of 
its smokestacks into the stagnant atmosphere. Mean- 
while, the death rate rose appallingly by more than nine 
hundred a day; more than at any other time except dur- 
ing the great cholera epidemic of 1834. Within four days, 
four thousand people died of the polluted air. The mor- 
tality rate of new-born infants almost doubled and there 
were many deaths among older people, mainly from bron- 
chitis and pneumonia. All this from one fog! 

Continuing their investigation of smog, weathermen 
found nearly twice as many foggy days in Prague, Czecho- 
slovakia, after 1880 as there were between 1800 and 1880. 
The industrial Ruhr region of Germany receives more 
drizzle than surrounding areas, although both are subject 
to the same weather pattern. Investigation into these situ- 
ations produced the startling fact that local weather con- 
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ditions were directly geared to the pollution of the atmos- 
phere by industrial plants. 

Further study showed that atmospheric dust was a 
distinct factor in the formation of the water droplets 
which compose fog and clouds. The dust acts as a conden- 
sation nucleus which allows the minute water particles in 
the air to cling to it and form larger drops. If moisture 
droplets are to reach a size at which they may be seen in 
the form of rain and clouds, these condensation nuclei are 
necessary, and the presence of myriads of such nuclei 
greatly aids the formation of rain, fog, and drizzle. 

On days when there is a breeze which dissipates air 
pollution, the situation is not critical. The dust nuclei are 
distributed throughout the surrounding atmosphere and 
any fog which forms is quickly blown away. The worst ef- 
fects are felt during periods of unusual calm with a tem- 
perature inversion which allows the smoke and haze to 
hang low over the earth. This condition was responsible 
for the killing fog of London, and a similar inversion often 
plagues the dwellers of Los Angeles. Smog conditions are 
such that a few factories in the United States must shut 
down on calm days to avoid serious pollution. 

During recent years, several methods have been de- 
vised to rid our skies of this aerial rubbish. The precipi- 
tator perfected by Dr. Frederick Cottrell is a good exam- 
ple. His system utilizes a screen which is placed over the 
factory smokestack. This screen carries an electric current 
which electrifies the dust particles as they pass through it. 
Plates which have an opposite charge pull the dust parti- 
cles out of the air. 

This and other devices have been very successful, but 
there is still a great deal to be done before our industrial 
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cities will have air which is free from pollution. Those of 
us who live in large cities breathe in vast amounts of refuse 
carried by the atmosphere each day over fifty thousand 
particles per breath. Many areas have practically no plant 
life; pollution is the reason. The effect of such conditions 
on our health, cleaning bills, and the condition of our 
buildings is incredible. Today we are on the threshold of 
cleaning up our air just as we were beginning to purify the 
earth by the installation of proper drainage and adequate 
sewers only a single century ago. It is to be hoped that the 
next hundred years will show as great an improvement in 
the atmosphere around us. 

In this chapter we have discussed the miraculous bal- 
ance of forces which produces our weather and permits us 
to live. Nowhere is this balance more delicate than in the 
razor-thin temperature band which exists near the surface 
of our planet, for it is here that the atmosphere acts as a 
gigantic and marvelously efficient air conditioner to stabil- 
ize our daily temperature. The deathly cold of outer space, 
located but a celestial hairbreadth above our heads, is 
four hundred degrees below zero. At this level, all molecu- 
lar action ceases. From this low point, the universal tem- 
perature ranges upward to millions of degrees. The tem- 
perature of the sun, at a depth where the atmospheric 
pressure equals that of the earth, is over nine hundred 
thousand degrees, while the heart of the sun is estimated to 
boil at one hundred million degrees. As an illustration of 
the magnitude of such temperatures, it is worth noting that 
diamonds vaporize at eight thousand degrees. By contrast, 
the temperature on earth has never been recorded as less 
than ninety-four degrees below zero, nor does it ever rise 
higher than one hundred and thirty-six on the Fahrenheit 
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scale. This is a spread of a mere two hundred and eighty 
degrees, as compared to the million-degree swing which 
we know exists in the universe. 

If the earth were to swing inward a trifle on its sun- 
surrounding orbit, our oceans and rivers would boil away. 
The solid crust itself would sear and cracks would open in 
the earth, exploding inner fire; the handful of humans 
who burrowed below to escape the unchecked radiation 
pouring through a previously protecting atmosphere 
would soon perish. 

Move the earth away from the sun, edge it toward 
the next outermost planet, Mars, and killing cold would 
descend to mantle our sphere. The growing polar caps 
would merge with the swiftly freezing waters of the 
oceans; the consequent redistribution of weight could be 
sufficient to shift the earth's axis and, in a single cosmic 
instant, violently to destroy all living things. Perhaps this 
would not occur. Survivors might descend to the tropics, 
there to postpone temporarily the inevitable freezing end 
to life. 

But man is a self -centered bit of fragile jelly, and he 
is not so much concerned with the fact that his surround- 
ing temperature band is narrow in a celestial sense as he is 
with the fact that it is so broad in a human sense. Al- 
though outer space is infinitely colder, ninety-four degrees 
below zero is bitterly cold to our human bodies. Below 
minus sixty, man is unable to face the elements with so 
much as a square inch of skin uncovered, and water 
freezes instantly with a loud cracking noise. The unpleas- 
ant world-record low of ninety-four was recorded in the 
Siberian town of Verkhoysansk. 
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The wastelands of the arid Near East, south of the 
Mediterranean, hold the unenviable record for heat. The 
hottest day ever recorded was inflicted upon the residents 
of Azizia, a little town near Tripoli in North Africa when 
the temperature rose to one hundred thirty-six degrees. 
Perhaps this helps to explain why the Moors invaded Eu- 
rope more than sixteen centuries ago; it is possible that 
they were seeking a cooler climate. The United States 
holds the runner-up record ; one blazing day the mercury 
hit one hundred thirty-four in aptly named Death Valley. 

Endless statistics can be found to demonstrate the 
giant strength of the forces which create our weather. 
Some are hard to unearth because of the violent extremes 
which they attempt to measure. For example, devices 
which are designed to record the strength of the wind 
have the unhappy habit of blowing away in the face of 
really violent gusts, along with the buildings on which 
they are located. The highest winds are found in torna- 
does, and reliable estimates have placed the winds at 
greater than five hundred miles per hour in some of these 
storms. 

Tropical hurricanes produce the most extreme 
weather conditions at sea. Often, the interaction of wind, 
storm, and sea is so violent that the horizon disappears and 
the sailor's world becomes an inseparable mixture of swirl- 
ing air and water. During February of 1953, a churning 
wall of water as high as a fifteen-story office building bat- 
tered the U.S.S. Ramapo in the North Pacific. This wave 
was observed by the crew to extend upward to the moun- 
tainous height of one hundred and nineteen feet. The 
enormous power of this storm can be appreciated when 
it is compared with the violent explosion of 1883 on the 
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volcanic island of Krakatoa which killed thousands of 
people, blanketed the world with dust for weeks, and ob- 
literated the island from the face of the earth. It caused a 
tidal wave of approximately the same height! 

The storm observed by the crew of the Ramapo is so 
extreme that no provision exists even to catalogue it. The 
height of waves at sea is measured by the Beaufort Scale. 
Beaufort numbers range from zero when the winds are 
calm and the sea is like glass to Beaufort twelve when the 
winds are above hurricane force and the waves over forty 
feet high. Beaufort six, for example, describes weather 
conditions where the winds range between twenty-five and 
thirty-one miles per hour and the waves run about twelve 
feet. On this scale, the Ramapo wave would have been a 
hypothetical Beaufort thirty-six. 
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The Twisting Winds 

"And storm and darkness! Ye are wondrous strong, 
Yet lovely in your strength." 

Lord Byron 



The Sailing Directions for the Northwest and North 
Coasts of Norway is a matter-of-fact, businesslike docu- 
ment published to acquaint mariners with the special 
problems associated with ocean voyages in these tricky, 
storm-tossed waters. It does not deal with the superstitions 
of the ancient Norsemen who sailed the seas in their frag- 
ile craft, nor does it contain any unnecessary speculations 
about the mysteries of the little-traveled seaways it de- 
scribes. However, in one passage, the reader has the feel- 
ing that he is reading a page straight from the pen of 
Edgar Allan Poe. This is the portion which describes the 
maelstrom which runs between the islands of Mosken and 
Lof otodden : 
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... as the strength of the tide increases the sea becomes 
heavier and the currents more irregular, forming extensive 
whirlpools. During such periods no vessel should enter the 
Moskenstraumen. These whirlpools are cavities in the form 
of an inverted bell, wide and rounded at the mouth and 
narrower toward the bottom; they are largest when first 
formed and are carried along with the current, diminishing 
gradually until they disappear; before the extinction of one, 

two or three more will appear like so many pits in the sea 

Fishermen affirm that if they are aware of their approach 
to a whirlpool and have time to throw an oar or any other 
bulky body into it the water must rush suddenly in on all 
aides and fill up the cavity. 

Just as these whirlpools form in the eddies and cur- 
rents of the earth's waters, so they flash into being in the 
sea of air above. Many of them run short but dizzy races 
over the midwestern plains as whirlwinds or "dust devils 55 
on hot summer afternoons. Generally these rise suddenly 
from beneath clear skies, creating swirls of dust and sharp, 
gusty winds. They move swiftly across the land in erratic 
paths as though they were nature's buffoons performing a 
whimsical dance to break the monotony of a hot day; sel- 
dom do they produce any more serious damage than upset 
garbage cans or an occasional shattered window. 

However, there is another type of twister which has 
the same sort of relationship to the dust devil as a hungry 
tiger bears to a playful kitten. This is the most fearful and 
mysterious of all nature's weather phenomena the tor- 
nado. 

The tornado is not mysterious because it is a rare 
phenomenon which occurs only in remote sectors of the 
globe. Quite the contrary; during the first six months of 
1953, the United States alone was struck by two hundred 
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and eighty tornadoes causing the death of more than five 
hundred persons and doing damage estimated at many 
millions of dollars. But the fearful proportions of these 
storms and the suddenness with which they strike the 
farms and cities of the "tornado belt" have kept man from 
gaining any real knowledge about them, despite all the 
progress of modern science. Man can therefore resort only 
to the ancient device of escape when he hears its roar and 
sees the delicate-looking, tenuous tube of the tornado ap- 
proaching him. He can only run, huddle quivering in a 
cavelike storm shelter, or lie flat against the earth if he is 
to avoid destruction. 

As storms go, the tornado is one of the smallest. Gen- 
erally, the terrible black mouth which sweeps over the 
land is a circle whose diameter is between fifty and one 
thousand feet. Seldom does the destructive area approach 
a mile in width, and the average path is about thirteen 
miles long. However, some twisters have traveled two to 
three hundred miles before dissipating, and often there 
are large skip distances when the angry cylinder rises up- 
ward away from the earth and leaves the ground below 
untouched. 

The terrible damage done by these storms is illustrat- 
ed by the fact that during a period of twenty-two years 
Illinois lost thirty million dollars and 814 lives; Georgia, 
twenty millions and 433 lives; Texas, fourteen millions 
and 441 lives; and Alabama eleven millions and 611 lives. 
On the ninth of June, 1953, a tornado swept through 
Worcester County, Massachusetts, wrecking some twenty- 
five hundred homes and inflicting damage at eighty mil- 
lion dollars. Eighty-three persons perished in this one 
storm alone. 
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The exact nature of the weather elements which 
must combine to permit the birth of a tornado is one of 
the most perplexing mysteries of modern weather science. 
It is known that they usually develop as a result of the 
meeting of two air masses. In the tornado belt, the warm 
moist air from the Gulf of Mexico drifts slowly northeast- 
ward. At the same time, cool dry air masses from the 
plains of Canada dip southward in undulating waves; tor- 
nadoes form within the meeting zone between these air 
envelopes having different temperatures. 

As the moist Gulf air is heated from below by the sun- 
drenched farmlands of Texas, Oklahoma, and Kansas, it 
rises and the moisture condenses into billowing cumulus 
clouds which mushroom upward like smoke from an open 
fire. When the heated air flows aloft, it produces local 
areas of low pressure in the region of the meeting zone, and 
this causes both hot and cool air to rush into the gap be- 
low. Since the warm air and the cool-air mass from the 
north are flowing in different directions, a shearing or ro- 
tating force develops. The resulting flow pattern is similar 
to that produced when we pull the drain plug from our 
bathtub ; a whirlpool of air develops around a low-pressure 
center. However, instead of water rushing out through a 
drain pipe, the central core of hot air rises upward thou- 
sands of feet into the sky at speeds of over a hundred 
miles an hour. 

At first, when we puU the bathtub plug, only the sur- 
face water appears to rotate but, as the whirlpool gains 
momentum, the center deepens until it extends all the 
way down to the drain pipe. The same thing happens dur- 
ing the formation of a tornado, allowing the spinning cyl- 
inder to touch the surface of the earth when a certain 
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critical balance in the pressure relationship of the winds 
is reached. 

The tornado cone descends from under a heavy, 
black, very turbulent cumulo-nimbus cloud which is ac- 
companied by violent gusty winds. Milton Tabor of To- 
peka, Kansas, happened to be under such a cloud on the 
afternoon of March 23, 1913, just as a tornado was form- 
ing. He graphically described what he saw. "The tornado 
cloud formed near where we were enjoying a picnic and 
whirled furiously, high in the air straight over our heads. 
We looked up into what appeared to be an enormous hol- 
low cylinder, bright inside with lightning flashes but black 
as blackest night all around. The noise was like ten million 
bees, plus a roar that beggars description. 55 This storm 
later did terrible damage in Omaha, Nebraska. 

The United States Weather Bureau has recently es- 
tablished a Tornado and Severe Storm Research Project 
in order to study this phenomenon. Since the violence and 
suddenness of a tomado 5 s growth are so great that they 
prevent first-hand study, the weathermen have planted 
instruments along the usual pathways of twisters in Kan- 
sas and Oklahoma. By means of these instruments they 
hope to measure the internal pressure, wind speed, and 
amount of rain inside a tornado. Since the beginning of 
the project, however, the weather has refused to co-oper- 
ate: there have been few storms in the area. 

The damage inflicted by a tornado exhibits much of 
the freakish tendency of other violent weather phenom- 
ena. There have been cases where houses have been, de- 
molished by storms and the furniture carried away, only 
to be found later without a scratch. Straws have been 
driven deep into boards. Strong buildings have been de- 
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stroyed while flimsy structures next to them came through 
the storm undamaged. In one instance a herd of cattle was 
picked up by a tornado and lifted high in the air until the 
cows appeared like great birds. Chickens are sometimes 
stripped of their feathers but otherwise unharmed. 

In May of 1931, the "Empire Builder/ 5 a train which 
travels between Chicago and Seattle, was speeding over 
the western flatlands when the engineer sighted a tornado 
which looked as though it would cross the steel tracks 
ahead. Since his train was one of the most modern on the 
line, with cars built entirely of steel, he was not particular- 
ly worried. Nevertheless, he slowed his speed somewhat to 
evade the storm. However, the twister veered suddenly 
and passed directly over the passenger cars. These 
weighed almost sixty-five tons each, but five of them were 
wrenched off the rails and wrecked by the awful power of 
the storm. 

Under the impact of a tornado many buildings ap- 
pear to explode. This is because of the vacuum created 
within the vortex of the storm. Since the air inside en- 
closed structures is at atmospheric pressure, this outer 
vacuum produces a powerful bursting pressure which de- 
stroys wooden and masonry walls as though they were pa- 
per. Generally, strong mortar buildings suffer the least 
damage. Multistory structures invariably lose their roofs 
and may suffer severe damage to their upper stories while 
the lower levels remain intact. Often tornadoes can be 
escaped easily by driving or even running at right angles 
to the storm path. 

During the 1953 season there were almost three times 
as many tornadoes in the United States as there are during 
normal years. Many laymen and some scientific observers 
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believe that these have been due, at least in some measure, 
to the large number of recent atomic bomb blasts carried 
out in this country for test and development purposes. Of- 
ficial statements from government scientists have repeat- 
edly reassured the nation that there is little if any basis for 
this belief. They point to the fact that atomic bomb blasts 
are tame compared with the fury of a tornado, and that 
the development of these storms does not appear to have 
any correlation with the atomic bursts. 

On the other hand, some eminent physicists mention 
the fact that only a few ounces of silver iodide drifted into 
a cloud are required to trigger thousands of tons of rain- 
fall. They insist that, in a like manner, the A-bombs may 
trigger the violent, explosive tornado. Following bomb 
blasts, they say, the air is filled with radioactive dust par- 
ticles. Physically, this dust is very similar to that which is 
used in cloud seeding. If the weather conditions are just 
right, they believe that these charged dust particles may 
be the cause of our current crop of twisters. 

In support of their theory, they cite the case of the 
Eastman Kodak Company located in Rochester, New 
York. Ever since the first of the atomic blasts detonated in 
this country, Eastman has had trouble with its sensitive 
photographic film, despite the fact that the firm is located 
almost three thousand miles away from the testing 
ground. In fact, officials of the company are now warned 
whenever bomb tests are about to be conducted so that 
they can take steps to safeguard their valuable films. Some 
scientists believe that if atomic dust can cause its charac- 
teristic milk-white coating to form on the surface of film 
three thousand miles away, then it is also possible that the 
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same dust can be the cause of tornadoes over the Midwest 
and even the eastern states. 

Modern scientists are all willing to admit that the 
weather equation is a hair-thin balance of many complex 
variables. Some very minor variations are known to result 
in major weather changes; therefore, while there is no 
positive proof that atomic bombs have any general effect 
upon our weather, the possibility cannot be discounted. 
The final answer will be known only when we have a bet- 
ter understanding of weather phenomena. 

Many pictures of tornadoes have been taken. Some of 
these show the storm as a straight cylinder from top to 
bottom; others are larger at the bottom than at the top; 
and some have an hourglass figure. Generally, the funnel 
seems to bend and sway back and forth as the storm trav- 
els over the ground. 

On the third of January, 1949, a tornado developed 
near Warren, Arkansas. Mr. B. P. Hughes of the United 
States Weather Bureau had the opportunity of flying 
along the path of this tempest shortly after it had dis- 
sipated. He found that the storm had passed over the 
southern edge of Warren, a town of about 7,500 people. 
Near the center of the path, nothing was left standing. 
The ground appeared to have been burnished by a gigan- 
tic power buffer and reflected light like a strip of waxed 
floor which had been recently polished. The destruction 
was complete out to a width of about three hundred feet 
in each direction from the center of the tornado's path. 
There was an area of decreasing damage for another three 
or four hundred feet on either side. He also noted that the 
path of destruction contained several skip-distance tracts 
which exhibited no damage at all The storm had traveled 
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its entire course in a northeasterly direction with little de- 
viation from a straight line. The local area was very wet, 
indicating that a large amount of rain had fallen during 
the storm. 

Although tornadoes have been reported at all hours 
of the day, most of them occur in the late afternoon and 
early evening. In Kansas, seventy-five per cent have com- 
menced between noon and 8 P.M. 

A number of people have been trapped inside a tor- 
nado and lived to tell of the experience, but few were 
trained weathermen. Captain Roy S. Hall, U. S. Army, 
Retired, who lives in the little town of McKinney, Texas, 
has made the study of weather his hobby. He not only sur- 
vived the terrors of a tornado but also wrote a fascinating 
account of his experiences. 

Captain Hall was sitting placidly in his back yard 
talking with his wife on the warm afternoon of May 3, 
1948. He had noticed several small thunderstorms mutter- 
ing and grumbling in the southwest but had given them 
little attention. His wife remarked that the wind was 
blowing from the south at about twenty-five miles per 
hour and exerting a steady pressure against the leaves of 
the nearby trees; a short time later Captain Hall was sur- 
prised to hear a loud clap of thunder. Looking to the west 
he noticed that a huge, very black cloud obscured the en- 
tire horizon. Below this cumulo-nimbus was a feathery roll 
cloud characteristic of those which precede thunder- 
storms. Behind the roll cloud he could catch glimpses of a 
solid curtain of dark green rain. The air appeared very 
humid and the temperature was about 85 degrees. In 
graphic terms, Captain Hall in the magazine Weather- 
wise describes what followed: 



THE TWISTING WINDS 91 

The squall, now about two miles away, was coming di- 
rectly toward us, and the scud cloud, stretched across its 
front between four and five hundred feet above the earth, 
was revolving as if it were being pushed in reverse along the 
ground. Behind the scud-cloud, dark green rain was falling 
in a solid opaque wall. The south wind was veering. In a 
matter of a few seconds it had changed, and was blowing, 
undiminished, from the southeast toward the cloud. Light- 
ning, the most fearful I have ever seen, and wide as a house, 
flashed with some regularity between the scud-cloud and the 
ground. In the comparative stillness following the terrific 
thunder crashes I could hear a sustained hollow roaring, like 
a distant freight train. 

Captain Hall and his family sought shelter in their 
house. When the low roll cloud moved overhead, the visi- 
bility decreased as with the coming of night. Hailstones 
larger than tennis balls began falling around the house, 
striking the roof and the yard with a loud clatter. From 
the sound, he could tell that some of them were tearing 
through the ceiling. Lightning was now striking all around 
the house. Captain Hall discovered with horror that the 
west wall had slipped inward about six inches at the ceil- 
ing and was vibrating under the force of the wind. Be- 
tween flashes of lightning it was coal black outside, but 
Captain Hall was able to catch brief glimpses of his neigh- 
bor's house and the surrounding yard. He noticed that the 
shrubs and trees were blown almost flat, and that the air 
was filled with debris. His eardrums were buffeted by a 
roar like that of a fast freight booming through a long 
tunnel. His story continues: 

And then very suddenly, when I was in the middle of the 
room, there was no noise of any kind. It had ceased exactly 
as if hands had been placed over my ears, cutting off all 
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sound, except for the extraordinary hard pulse beats in my 
ears and head, a sensation I had never experienced before in 
my life. But I could still feel the house tremble and shake 
under the impact of the wind. A little confused, I started to 
look out the north door, when I saw it was growing lighter 
in the room. The light, though, was so unnatural in ap- 
pearance that I held the thought for a moment that the 
house was on fire. The illumination had a peculiar bluish 
tinge, but I could see plainly. I saw the window curtains ly- 
ing flat against the ceiling, and saw loose papers and maga- 
zines packed in a big wad over the front door. Others were 
circling about the room, some on the floor and others off it. 
I came out of my bewilderment enough to make a break for 
the back of the house. 

But I never made it. There came a tremendous jar, the 
floor slid viciously under my feet, and I was almost thrown 
down. My hat, which I had not removed, was yanked off 
my head, and all around, objects flashed upward. I sensed 
that the roof of the house was gone* 

As I gained footing another jarring wham caught me, and 
I found myself on my back in the fireplace, and the west 
wall of the room had collapsed right down on top of me. 
The "whams" were just that. Instead of being blown inward 
with a rending crash of timbers, as one would expect of a 
cyclonic wind, the side of the room came in as if driven by 
one mighty blow of a gigantic sledge hammer. One moment 
the wall stood. The next it had been demolished. The de- 
struction had been so instantaneous that I retained no 
memory of its progress. I was standing, and then I was 
down, ten feet away. What happened between, I failed to 
grasp or to sense. 

By a quirk of fate I was not seriously injured, and as soon 
as I had my senses about me I clawed up through the wreck- 
age, and crawled around and through the hole where the 
east door had been. I could tell by the bluish-white light 
that the roof and ceiling of this room were gone also, I al- 
most ran over my four-year-old daughter, who was coming 
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to see about me. Grabbing her up, I was instantly thrown 
down on my side by a quick side-shift of the floor. I placed 
her face down, and leaned above her as a protection against 
flying debris and falling walls. 

I knew the house had been lifted from its foundation, and 
feared it was being carried through the air. Sitting, facing 
southward, I saw the wall of the room bulge outward and 
go down. I saw it go, and felt the shock, but still there was 
no sound. Somehow I could not collect my senses enough to 
crawl to the small, stout back room, six feet away, and sat 
waiting for another of those pile-driver blasts to sweep the 
rest of the house away. 

After a moment or so of this, I became aware that I could 
see my neighbor's house, standing unharmed a hundred feet 
to the south. Beyond I could see others, apparently intact. 
But above all, I felt a vast relief when I saw that we were 
still on the ground. The house had been jammed back 
against trees on the east and south and had stopped, partly 
off its foundation. 

The period of relief I experienced, however, was a very 
short one. Sixty feet south of our house something had bil- 
lowed from above, and stood motionless, save for a slow up- 
and-down pulsation. It presented a curved face, the concave 
part toward me, with a bottom rim that was almost level, 
and was moving neither toward nor away from our house. 
I was too dumbfounded for a second even to try to fathom 
its nature, and then it burst upon my befuddled brain with 
a paralyzing shock. It was the lower end of a tornado fun- 
nel. I was looking at its inside, and we were, at the moment, 
within the tornado itself ! 

The bottom of the rim was about twenty feet off the 
ground, and had doubtless destroyed our house a few min- 
utes before as it passed. The interior of the funnel was hol- 
low, the rim appearing not over ten feet in thickness and, 
owing possibly to the light within the funnel, perfectly 
opaque. Its inside was so slick and even that it resembled the 
interior of a glazed standpipe. The rim had another motion 
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which I was, for a moment, too dazzled to grasp. Presently 
I did. The whole thing was rotating, shooting past from 
right to left with incredible velocity. 

I lay back on my left elbow, to afford the baby better 
protection, and looked up. In that upward glance my strick- 
en eyes beheld something few have ever seen before and 
lived to tell about. I was looking far up the interior of a 
great tornado funnel ! It extended upward for over a thou- 
sand feet, and was swaying gently and bending slowly toward 
the southeast. Down at the bottom, judging from the circle 
in front of me, the funnel was about one hundred and fifty 
yards across. Higher up it was even larger, and seemed to be 
partly filled with a bright cloud, which shimmered like a 
fluorescent light. This brilliant cloud was in the middle of 
the funnel, not touching the sides, as I recall having seen 
the walls extending on up outside the cloud. 

Up there, too, where I could observe both the front and 
back of the funnel, the terrific whirling could be plainly 
seen. As the upper portion of the huge pipe swayed over, an- 
other phenomenon took place. It looked as if the whole col- 
umn were composed of rings or layers, and when a higher 
ring moved on toward the southeast, the ring immediately 
below slipped over to get back under it. This rippling mo- 
tion continued on down toward the lower tip. 

If there was any debris in the wall of the funnel, it was 
whirling so fast that I could not see it. And if there was a 
vacuum inside the funnel, as is commonly believed, I was 
not aware of it. I do not recall having any difficulty in 
breathing, nor did I see any debris rushing up under the rim 
of the tornado, as there surely would have been if there were 
such a vacuum. I am positive that the shell of the twister 
was not composed of wreckage, dirt or other debris. Air, it 
must have been, thrown out into a hollow tube by centrifugal 
force. But if this is true, why was there no vacuum, and why 
was the wall opaque? 

When the wavelike motion reached the lower tip, the far 
edge of the funnel was forced downward and jerked toward 
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the southeast. This edge, in passing, touched the roof of my 
neighbor's house and flicked the building away like a flash 
of light. Where, an instant before, had stood a recently con- 
structed home, now remained one small room with no roof. 
The house, as a whole, did not resist the tornado for the 
fractional part of a second. When the funnel touched it, the 
building dissolved, the various parts shooting off to the left 
like sparks from an emery wheel. 

During pistol practice in the Army, when the light was 
favorable, I have seen bullets from a 45-caliber pistol flash 
from gun to target. The bullets have a known velocity of 
825 feet a second. The white planks from the house moved 
at a speed equal to, if not greater than, that of the bullets, 
which would establish the velocity of the tornado's rotation 
close to six hundred miles per hour. This, I believe, is conser- 
vative. My own conviction is that the funnel was spinning 
faster than the speed of sound, accounting, in some way be- 
yond my knowledge, for the total lack of noise within it. 

The very instant the rim of the funnel passed beyond the 
wreck of the house, long vaporous-appearing streamers, pale 
blue in color, extended out and upward toward the south- 
east from each corner of the remaining room. They ap- 
peared to be about twenty feet long and six inches wide, 
and after hanging perfectly stationary for a long moment, 
were suddenly gone. 

The peculiar bluish light was now fading, and was gone 
abruptly. Instantly it was again dark as night. With the 
darkness my hearing began to come back. I could hear the 
excited voices of my family in the small back room, six feet 
away, and the crunching jars of heavy objects falling around 
the house. The tornado had passed. The rear edge was 
doubtless high off the ground and went over without doing 
any damage. Quickly, real daylight commenced to spread 
in the wake of the storm, and how good it did look! And 
how astonishing ! I had come to believe, those few long min- 
utes, that the tornado had struck in the night time. It was 
now about 3 : 06 P.M. 
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Although Captain Hall's house was wrecked, fortunately 
none of his family was seriously injured. The storm passed 
on through the southern part of McKinney, Texas, and 
caused property damage of more than five million dollars. 
Many people were killed or injured. 

The most singular and awe-inspiring weather phe- 
nomenon to be found at sea is the volatile union of sea and 
sky known as the waterspout. This fascinating and often 
violent outburst of nature is a close kin to its landlocked 
neighbor, the tornado. 

There are some important differences between the 
land variety of twister and those which inhabit the oceans. 
Tornadoes are bred and develop along the frontal zones 
between warm- and cold-air masses, while waterspouts 
form under a wide variety of ocean weather conditions. 
Sometimes they develop beneath sparkling sunlight with- 
out a cloud in the sky, but more often they are observed 
under the cumulus clouds of a frontal squall line. Torna- 
does last longer and are more violent than waterspouts; 
furthermore, they travel faster and are somewhat larger. 

Waterspouts rarely last for more than an hour and 
many of them complete their life cycle in less than five 
minutes. Although the tornado always rotates with a 
counterclockwise motion, the waterspout may revolve in 
either direction. The tube may be only a few feet in diam- 
eter or as much as one hundred yards at its narrowest part. 
It may rise many thousand feet into the upper air or only 
a few feet, like the dust whirls which develop over the 
midwestern plains. 

In the average case, the waterspout begins as a down- 
ward-projecting bulge from a cumulus cloud. This cloud 
projection lengthens seaward and at the same time the 




Cloud formations as they may be seen by a future space weatherman cruising higfc above 
the earth. Weather phenomena extend only through the troposphere and clouds hug the 
surface of the sphere. Official US. Army Photograph 




(Upper) The planet Jupiter photographed by the 200-inch telescope at Mount Palomar, 
showing the giant red spot about thirty degrees above the equator. The spot, which ap- 
pears brick red through a telescope, is 30,000 miles across. Many observers believe it is a 
gigantic storm in the methane and ammonia atmosphere of the planet. The dark circle on 
the upper edge of the planet is the shadow of Jupiter's moon Ganymede which appears 
as the small bright disc above and to the right. Courtesy Mt. Palomar Observatory 

(Lower) Mars photographed in blue and red light. Blue light is reflected.by the gaseous 
atmosphere of Mars while the red rays penetrate it and are reflected by the surface of the 
planet. For this reason, the blue picture of the planet is much larger than the red although 
both were taken through the same telescope with similar magnification. Such photographs 
have helped to prove conclusively that the planets have an atmosphere, although its 
chemical composition Is much different from that of the earth's. 

Courtesy Mt. Palomar Observatory 



iriese gigantic names, reaching outward more than luu.uuU mnos uorn in** iim \ i *~a 
furnish all the light and heat for the solar system. Many are caused by reactions very 
similar to those which take place in the explosion of a helium bomb, the small white 
circle at the lower right shows the relative size of the earth. 

Courtesy Mt. Palomar Observatory 



A typical mirage photographed in Death Valley, California. The simmering lake below 
the distant hills is part of the illusion; as the observer walks toward It, the water line 
appears to recede and the hills move backward correspondingly. Mirages are caused by 
the bending of light rays while traveling through the atmosphere. This bending allows 
us to see towns and mountains which are actually far beyond the horizon. Mirages are 
often seen in California, Nevada and Alaska. Courtesy Death Valley Hotel Co. 





This picture and the two at the right show a cold front passage as seen from a radar scope 
at Lakehurst, New Jersey. The bright circles are fen mile range markers measured from the 
radar station. The line of white patches extending across the upper portion of the scope 
represents the cold front which is now about twenty miles from the station at its nearest 
point. (Upper) The cold front as it passes over the radar station about one hour after the 
previous picture. Its intensification is indicated by the almost solid pattern representing 
heavy showers and thunderstorms, t Lower) The cold front one and one-half hours later. 
The weather echoes are very dense, and the main body of the front is still only about five 
miles below the station showing that the storm Is now moving more slowly. Radar is one 
of the many new tools which the modern meteorologist uses to make accurate forecasts 
of our local weather. Official U.S. Navy Photographs 
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surface of the water below is disturbed by an intense, boil- 
ing eddy. The center of this eddy lifts as though pushed 
from below, and the surface water is blown upward in a 
misty spray. This spray forms the lower part of the tube 
which reaches upward to unite with the cloud projection 
above. In the meantime, the air between the surface and 
the cloud layer has begun to whirl and condense its mois- 
ture. As the tube becomes a single vertical cylinder, the 
waterspout reaches its greatest intensity. By this time the 
waterspout cloud is dark, almost black, and the force of 
the wind has reached violent proportions; at this stage, a 
loud roaring sound accompanies the storm. Observers who 
have seen many well-developed twisters at sea emphati- 
cally declare that the formation of this giant of nature is 
invariably fearful and foreboding. 

Waterspouts form in all the oceans and in many lakes. 
Some of the midwestern tornadoes become waterspouts 
when they pass over lakes and rivers, and often they form 
in chains out of elongated clouds in southern waters. The 
sailor can never be sure when he will see a waterspout, for 
they develop during all months of the year. They occur 
most frequently from May to September. 

Many observers have reported strange and unusual 
waterspouts. One of these had a huge bulge in the upper 
center which, according to an observer, made the tube re- 
semble the neck of an ostrich which had just swallowed a 
grapefruit. Another sea twister had a very complicated, 
twisting tube which doubled back upon itself in a large 
loop. At the instant the coils made contact with each 
other, the waterspout collapsed completely and disap- 
peared. 
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The tubes of some waterspouts are made of a solid, 
glistening wall of water; others are composed of fine 
spray. Modern ships have penetrated this latter type of 
storm and have found that the winds are only moderate 
and that the only noticeable effect was a thin mistiness 
which covered the ship as it went through, Other storms 
have wrought terrible damage. On August 19, 1895, a 
gigantic waterspout developed in Vineyard Sound, Massa- 
chusetts. This storm formed out of the base of a huge cu- 
mulus cloud and was at least 145 feet across at its narrow- 
est part; the mammoth tube extended upward over half a 
mile. The fact that sea water is carried aloft into the 
mothering cloud by such spouts was definitely proven 
when, hours later, salty rain containing a few small fish 
fell on Martha's Vineyard. As an aftermath of such 
storms, ships have been deluged not only with rain and 
hail but, in northern waters, with chunks of ice six inches 
in diameter. 

Waterspouts sometimes form with two tubes, one 
inside the other. There are indications that water is often 
pulled upward through the center of the tube by the rela- 
tive vacuum which exists inside the storm. The mouth of 
the spout generally rests upon a shelf of foam which may 
be several feet high and many feet in diameter. Surround- 
ing this shelf is a cloud of spray which extends aloft for 
considerable distances in a strong waterspout ; this spray 
sometimes inflicts considerable damage on nearby ships. 

Modern seamen do not fear the waterspout as they 
did in ancient times. Due to the relatively slow speed of 
these sea twisters, they can be circumnavigated with ease 
by power-driven vessels. 
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There have been some rather unique theories ad- 
vanced for destroying these storms, among the most un- 
usual of which is the use of artillery fire. According to 
those who believed in this method, a direct hit by the shell 
from a Naval gun would collapse a waterspout, on the 
theory that, once such a projectile had punctured the 
tube, the internal vacuum would be destroyed and the 
funnel would disintegrate. So far, the theory has never 
been tested and most modern weathermen do not believe 
that a momentary puncture of the tube would produce the 
desired effect. 

The complete understanding of waterspouts and tor- 
nadoes remains one of nature's most intriguing mysteries. 
Weathermen know that they are the product of unstable 
weather conditions, but the exact mechanism which must 
exist to produce them is hidden behind the suddenness and 
fury of their development. However, modern man has 
found the rewards of understanding to be magnificent, in- 
deed. Because of his inquiring mind, he is no longer one of 
many jungle animals in mortal terror of the stronger 
beasts. He will continue his search for understanding of 
the tornado, knowing that it too will some day fade into 
the limbo of the once-feared. 



CHAPTER 



7 



The Hurricane 



"Blow winds and crack your cheeks! rage! blow! 
You cataracts and hurricanes, spout 
Till you have drenched our steeples!*' 

Shakespeare , King Lear 



The haunted days of early brute man were filled with 
many terrors which developed out of vagaries in the natu- 
ral world. As a youth he became aware of the thunder 
and lightning that flamed across his senses and unleashed 
sudden death. The great polar icecaps ground slowly to- 
ward the equator in their mysterious periodic swing, and 
he learned of cold and bitter, implacable weather storms. 
Since no mortal means of protection from these phenom- 
ena were available to him, he created immortal ones in 
the form of holy images which he worshipped and offered 
sacrificial gifts. And as the winds lashed him and the 
deadly chill settled in his caves, his courage was kept alive 
only by faith in these gods. 

liooi 
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One such deity was known as Huracan, meaning 
"God of all evil." It was created by a tribe of aborigines 
called the Tainos who established an extensive culture in 
the Greater Antilles and Bahama Islands. Although the 
Tainos are now extinct and their civilization is long buried 
beneath tropical growth, their word with its suggestion 
of dread lingers on. 

Half a world away, in the Pacific Ocean where the 
same great storm is called the Typhoon, the fear is just 
as real. On the great coral islands which dot the Pacific 
storm belt, panic-stricken natives offer up sacrifices for- 
merly human sacrifices so that they may be spared from 
destruction. During World War II there were indications 
that the invading Japanese soldiers succumbed to the local 
tradition. These soldiers, capable of suicidal charges in 
battle, were no braver than the conquered natives in the 
face of the storm. They likewise made offerings to the 
dreaded typhoon god. 

There are no earthly furies capable of comparison 
with the hurricane. Life exists only because these storms 
are relatively rare and because their force is spread and 
dissipated over many thousands of square miles. Scientists, 
who have estimated the hurricane's violence, say that it 
would take the continuous explosion of one thousand 
atomic bombs a minute to equal the energy output of a 
moderate storm. Thus, man's mightiest weapon is a mere 
firecracker when compared with this gigantic sky-borne 
artillery. 

The damage wrought by these storms is truly incredi- 
ble. In 1900 the edge of a hurricane struck Galveston, 
Texas. That brief encounter killed six thousand people, 
devastated the city, and caused damage estimated at 
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twenty million dollars. This havoc, the greatest encoun- 
tered in our country, pales into insignificance when com- 
pared with a typhoon which roared through the Bay of 
Bengal on the seventh of October in 1737. When the 
winds subsided, three hundred thousand persons were 
dead. Entire areas were stripped of human life. Others 
were completely devastatedevery structure smashed flat 
against the pulpy ground. Over twenty thousand boats 
and vessels were sunk. This, the worst natural disaster of 
all time, almost equaled the number of American G.I.'s 
killed in World War II. 

The sensations produced by the force of hurricane 
winds are similar to those which would be felt by a man 
strapped to the nose of a modern airliner in full flight. 
Average winds of one hundred fifty miles per hour are 
common; gusts of two hundred fifty have been registered 
in some storms. Winds of this titanic power surge the sea's 
surface into giant tidal waves which engulf harbors and 
the cities that lie beyond them. With casual flicks, such 
waves beach ocean-going liners and roll automobiles down 
debris-strewn streets in grim imitation of a monstrous 
bowling alley. Entire houses are often wrenched from 
their foundations and hurtled against those of neighbors; 
cities are sometimes completely destroyed. Rain accom- 
panies the windbut on an unbelievable scale and like no 
other rain known to this earth. The world's record rain- 
fall of forty-six inches, at Baguio in the Philippine Islands, 
occurred during a typhoon. Enough water fell during a 
twenty-four hour period to cover the entire island with a 
depth of over three feet ! 

In the face of such incredible forces, it is not remark- 
able that the ancient dread and awe of the hurricane per- 



THE HURRICANE 103 

sists. However, gradually we have not only learned to un- 
derstand the forces which create such storms, but can now 
send our investigating agents into the very heart of the 
storm itself. 

In order to understand the mechanism of the hurri- 
cane, let us explore its source regions. Hurricanes are most 
common in the Atlantic Ocean and the Gulf of Mexico. 
Similar storms originate in the band of the Pacific Ocean 
near Formosa and the Philippines. The only difference be- 
tween the Pacific typhoon and the Atlantic hurricane is 
one of terminology. Great arguments have taken place be- 
tween sailors and airmen as to which of the two oceans 
spawns the greater storms; so far the decision has gone to 
the side which argued the loudest. The violence of the 
hurricane is so awesome and extensive that measurements 
of its intensity are of necessity not entirely accurate. Hurri- 
canes and typhoons always form in the hot, humid atmos- 
phere of the inter-tropical front. This front is not really a 
front at all but is born within the tropical air mass as a re- 
sult of the intense heat-pumping action of the sun's energy 
which causes the warm, wet air to rise and create clouds. 

During the summer months, the inter-tropical front 
moves northward, following the sun and undulating 
snakelike over the softly swelling equatorial seas. It forms 
a huge globe-circling belt of weather characterized by 
shifting, gusty winds, sudden showers, and cumulus-type 
clouds which swell frequently into cumulo-nimbus rising 
to towering heights. Because of its restless weaving from 
north to south, nodes and valleys form in the inter-tropical 
front, and these sometimes extend northward far beyond 
the limits of the front itself. Such indentations are known 
as easterly waves because they move from the east, and 
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their development brings intense showers and violent 
winds. The resulting instability may produce a tropical 
disturbance which the weathermen will begin to plot up- 
on their charts and follow carefully. 

If the variables in the weather equation fall into fa- 
vorable balance, and if the disturbance is far enough 
north so that the motion of the earth momentarily enables 
the winds to twist, a counter-clockwise circulation develops 
and a hurricane is born. The new storm soon breaks away 
from the mothering inter-tropical front and begins to 
wind up with terrible intensity in much the same way that 
a tornado develops, except that it covers a much wider 
area. 

The hurricane builds from hour to hour. Like a gi- 
gantic wheel rolling down a precipice, it gains momentum 
from itself, fed and nurtured by its own movement. The 
winds blow counter-clockwise, beating the tropical seas 
with terrible force. Waves of one hundred feet rise and 
follow each other in close cadence. The boiling surface of 
the water takes on the texture of a scorching-hot bubble 
bath with the spray extending upward several hundred 
feet. Near the center of the storm, the seas are blown flat 
so that their surface becomes a solid sheet of foam. Heavy 
clouds lie three or four hundred feet over the ravaged wa- 
ter, pouring torrents of rain back into the sea. 

The central vortex becomes a dead, eerie calm. Often 
there are no clouds overhead and the sun gleams through 
with an unnatural brightness. The seas are choppy and 
confused. Occasionally, the eye of the vortex will be filled 
with birds circling desperately in an attempt to escape the 
fury. Ships caught in the storm will often seek to ride it 
out within the protecting funnel of the eye. The birds land 
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on the ships and cling desperately to the rigging, grateful 
for a brief respite. 

Violent vertical drafts surge in the counter-clockwise 
swirl of the hurricane. Near the edge of the storm, these 
drafts beat down against the surface. At the eye they 
rocket upwards, lifting millions of tons of warm air into 
the upper troposphere. So violent is this skyward rush 
that the sea surface below is actually raised up in the same 
manner as water sucked up through a straw. The agitated 
sea, seeking to compensate for this mountain of water, 
convulses and sends giant tidal waves outward. Billions of 
tons of sea water are torn from the parent body and as- 
cend with the air torrent at the eye. Later this mass will 
be returned to the surface as torrential rain during each 
day in the life of the storm. 

Not many years ago weathermen believed that light- 
ning and thunder accompanied hurricanes. But recent in- 
vestigations have shown that there is remarkably little 
electrical disturbance in well-developed storms, although 
the reason for this remains a mystery. Definite records ex- 
ist, however, of tornadoes created within hurricane storm 
areas. During the night of October 4, 1933, a large tropi- 
cal storm of considerable intensity passed just south of 
Miami. In the same period, tornadoes passed through 
Miami, Fort Lauderdale, and Hollywood Beach. In these 
cases, the tornadoes did more damage than the hurricane 
which created them. 

The development pattern of a hurricane has been 
studied in recent years by scientists using the wizardry of 
radar. Upon the blue-white electronic scope, the cloud 
patterns roll outward like scrolls of silver. The tenuous 
bright lines denoting the air flow can be traced from the 
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weatherman's warm room at the comfortable distance of 
several hundred miles. But even with these safeguards, the 
hurricane is awesome and dreadful. Its movement and 
growth are plainly visible as the observer watches. In the 
space of a few hours the center develops from a dark 
smudge to a clearly defined circle. The brilliant white 
area of rain clouds and turbulence enlarges with each 
sweep of the radar, and the course and speed of the storm 
are easily estimated. The trained weatherman is fascinat- 
ed by the scope as he studies the mighty torrents of wind 
and rain, knowing that there is no greater display of the 
terrible fury of nature. 

Nordhoff and Hall in the book Hurricane caught the 
essence of the storm when they wrote: "The nakedness of 
a hurricane's truth is not revealed at once. You think you 
are seeing it within an hour after the wind comes, but 
your experience of the pitiless majesty of nakedness is en- 
larged from moment to moment. . . ." 

Although the use of radar has enabled the weather- 
man to locate a hurricane and track it on the move, he is 
still unable to predict the precise future path of the storm. 
At best he can only make a guess based on his knowledge 
of previous storms. Many efforts have been made to pre- 
dict the hurricane track from accumulated data obtained 
from other storms. All have failed : the hurricane follows 
no statistical law. The terror of the skies veers and wheels 
as unpredictably as does its baby brother, the tornado. Its 
path can be almost any length or direction. The great hur- 
ricane of September, 1853, was born near the coast of 
Africa, and traveled almost to the eastern seaboard of the 
United States. Off Cape Hatteras it curved northeastward 
and when last plotted was heading toward Greenland, 
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traveling a destructive path of more than 5,000 miles! 
Contrasted to this demon, the violent storm of October, 
1952, was insignificant. The October storm flared up just 
south of Cuba and died near the Bahamasa distance 
totaling but a few hundred miles. The 1853 storm raged 
for weeks; the 1952 storm had a short but turbulent life 
of only five days. 

Voluminous statistics have been compiled on the size 
and strength of hurricanes. So far they have yielded no 
statistical constants. Like the three bears, there are little 
hurricanes, medium-sized hurricanes, and big hurricanes. 
Many storms sweep over half an ocean; others are local- 
ized in small areas. Generally speaking, the small storms 
are likely to be more intense since the pressure drop be- 
tween the eye of the storm and the outermost fringe is 
more abrupt. This steeper pressure drop or pressure gra- 
dient causes more violent winds. 

One of the most remarkable things about science is 
that it gives us tools that we can sometimes use to control 
phenomena which science itself cannot fully explain. The 
fact that we do not really understand the electric flow we 
call electricity does not prevent us from piping it through 
wires, lighting our lights and driving our motors. Our 
knowledge of nuclear physics is far from complete, yet 
miracles and horror, too, have been wrought from that 
partial knowledge. And so it is with hurricanes. Although 
our understanding of the great storms is extremely limited, 
we have nonetheless established some very useful working 
principles. 

Chief among these is the law of storms. By using this 
law intelligently, man can often outwit the cosmic tyranny 
that threatens him in the form of a hurricane. Mariners 
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use the law in maneuvering their ships to avoid the worst 
sectors of the storms, and landsmen are learning to fore- 
cast their immediate path and most probable lane of de- 
struction. The law of storms can be illustrated by the sim- 
ple diagram below. 
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This diagram shows the wind pattern of a hurricane head- 
ing due north. The arrows indicate the direction of the 
winds and the numbers tell us how fast those winds are 
moving. By studying the diagram, two facts become im- 
mediately apparent: 

1. The storm is rotating counter-clockwise as it 
moves north. 

2. The most violent portion of the storm is directly 
ahead of the eye in the direction the storm is moving. 
The first principle is true only in the Northern Hemi- 
sphere. Hurricanes rotate clockwise in the Southern 
Hemisphere. The second principle is always true. 
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The simple law of storms can be put to many uses. 
For example, let us suppose we are aboard a ship in a hur- 
ricane area and our instruments tell us the wind is from 
the northwest and increasing rapidly. Using the law of 
storms, this information means that we are west of the 
eye (see point A on the diagram) . The best thing to do 
would be to sail west as fast as possible to avoid the full 
brunt of the storm. But suppose our observers report that 
the wind is from the east or northeast. This would mean 
that we are at point B in the direct path of the storm 
and must batten down the hatches and prepare for the 
worst. Running from the storm would not help us much. 
Hurricanes generally move over the surface of the sea at 
a speed between ten and twenty-five miles an hour often 
faster. A ship can rarely match these speeds in a seething 
sea. 

The hurricane wages aerial warfare against a com- 
munity as devastating as the bombing raids of World War 
II. Like the bomber strike, the best action short of stop- 
ping the storm (a trick we have yet to learn) is sounding 
the alert. Given enough time, there is much that can be 
done. We can lash our outdoor belongings to the ground, 
shutter our windows, and, above all, get ourselves and 
those we love into hurricane shelters. The story of how 
man has succeeded in the Gargantuan task of hurricane 
protection is one of the least publicized and most thrilling 
tales of our times. 

The story of organizing the hurricane alert began at 
the end of World War II. During the conflict radar 
emerged from the laboratories and became standard 
equipment on aircraft. Searching for deadly German U- 
boats, the radar operators noted that their florescing instra- 
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merits would often indicate a target which, when investi- 
gated, turned out to be a weather storm. They reported 
this fact to headquarters and went back to their monoto- 
nous search. When the war was over and planes and per- 
sonnel were free from their former missions, headquarters 
set up the Joint Hurricane Warning Service. The Air 
Force, the Navy, and the U.S. Weather Bureau closed 
ranks in order to reduce the death toll and damage caused 
by the recurring hurricanes. Reconnaissance planes of the 
Navy and the Air Force probe the turbulent storms, and 
the Weather Bureau studies the resulting data to forecast 
the storm path and alert the unsuspecting communities 
involved. The combined efforts of the Joint Hurricane 
Warning Service have produced spectacular results and 
have provided one of the most valuable peacetime aids 
rendered to the civilian population by the military. The 
saving in human life alone is indicated by the fact that 
during the period from 1926 to 1930 there were 161 
deaths for each $10,000,000 worth of property damage. 
Today, thanks to those who sound the hurricane alert, the 
death rate has fallen to about two deaths for the same 
amount of property damage. 

A pilot once described flying as "hours of boredom 
occasionally interrupted by moments of stark terror/* The 
experience of riding through a hurricane in a weather- 
reconnaissance airplane fits nicely into this definition ex- 
cept that there is no boredom. Weather-reconnaissance 
flying is one of the most tense and hazardous operations 
in a generally tense and hazardous occupation. Fortunate- 
ly the crewmen on such flights are so busy that they do not 
have time to become really frightened until the worst of 
the storm is behind them. This is their story. 
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The first warning of an Atlantic hurricane or a Pa- 
cific typhoon is usually a ship report. Perhaps the skipper 
of a passing freighter notices an unusually low pressure on 
his barometer early one morning. Quickly the word flashes 
out by radio to the Hurricane Warning Service in Miami : 

"LOW PRESSURE OF 28.2 INCHES AT 18 DEGREES NORTH, 
82 DEGREES WEST. HEAVY SWELL, LOW OVERCAST. 55 

The message causes the Warning Service to spring in- 
to action. Before dawn a Navy four-engine Privateer 
bomber lifts its blunt nose into the blue from the Weather 
Squadron's base at Jacksonville, Florida; the hunt for the 
hurricane is on. 

The time en route to the suspected area is spent in 
checking over plane equipment such as the radar, radio, 
and navigation gear. Once inside the storm belt, the navi- 
gator must prepare and the radio operator must send a 
position report every fifteen minutes. This requires train- 
ing, good equipment, and first-class co-ordination. 

If the suspicious area is a true hurricane, the pilots 
and aerologists will generally become aware of this fact 
well before they reach the actual storm. Both sea and sky 
assume an appearance of strange unease. The first clouds 
are high cirrus fanning outward in vaporous streaks. The 
sea looks confused with a nasty chop beginning to form. 
The air is soft with a queer woollike mugginess. 

The sky ahead takes on a haze which swiftly deepens 
into the famous "hurricane blue. 55 Squadrons of low scud 
clouds, flying swiftly before the storm, billow beneath the 
cirrus. The atmosphere becomes sticky and humid; the 
crewmen are hot and suffocated inside their cumbersome 
flight suits, life jackets and parachute harnesses. 




Bands of alto-cumulus clouds reach across the sky like white-capped waves near the edge 
>f Death Valley, California. Courtesy U.S. Weather Bureau 




This picture illustrates how clouds can be dissipated as well as formed by cloud seeding. 
It was taken twenty-five minutes after a race-track pattern was seeded in a layer of 
stratus clouds at 7,000 feet. Dry ice has caused the cloud moisture to condense and fall 
to earth as rain, thus clearing the sky. Similar methods are used to dissipate fog in some 
areas. Official U.S. Army Photograph 




(Upper) A rare atmospheric condition photographed from Mount Wilson, California. The 
early morning fog in the Los Angeles valley has been transformed into billowing cumulus 
clouds by the heating of the afternoon sun. Generally a fog layer "melts away" or "burns 
off," and it is only rarely that the atmospheric elements combine to produce the jutting 
fingers of cumulus shown above. Courtesy U.S. Weather Bureau 

(Lower) The panorama of clouds, curvature of the earth and black sky photographed from 
a V-2 rocket in the outer reaches of space high above the White Sands Proving Grounds. 
The lower troposphere layer of atmosphere, which extends about 40,000 feet above the 
planet, can be seen as a thin, delicately formed haze on the horizon. The cumulus clouds 
extend upward to the base of the stratosphere. They are forming over the mountain ridges 
at the side of the river basin. Official U.S. Army Photograph 




Formation of the characteristic mushroom cloud following the underwater explosion of an 
atomic bomb at Bikini. This cloud is formed as a result of the upward rush of air and mois- 
ture into the cool upper layers of the atmosphere. As shown in this picture, it begins to 
form at the'same altitude as the surrounding cloud layer. The radioactive spray developed 
by the force of the explosion provides many condensation nuclei similar to those scattered 
by the artificial rainmakers. Official U.S. Navy Photograph 



A giant iceberg floating in the North Atlantic near Greenland. Huge pieces break off from 
the Northern glaciers and become nomads, drifting in the oceans. They help to redistribute 
the heat of the earth as they roam southward. Approximately ninety percent of this ice- 
berg lies below the surface of the water. Official U.S. Navy Photograph 



, By a freak of nature, snow falls in a tropical land and palm trees can be seen rising 
above the snow-covered ground at Tlemcen, Algeria. Official U.S. Navy Photograph 
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Wind streaks appear on the water below, faint un- 
certain lines on the darkening sea. The aerologist com- 
pares them with the pictures of water patterns which he 
carries with him and estimates the wind at about twenty 
knots from the north. When the next position report is 
sent out, this information will go with it. 

An atmosphere of tense waiting builds in the plane as 
it hurtles toward the storm. The radioman feels like the 
loneliest man in the world as he listens to the distant astral 
sounds coming through his receivers. . . . The second me- 
chanic checks the engines from the blisters near the tail. 
He notices a curious dryness in his throat and wonders 
vaguely why he didn't request duty on board a destroyer. 
Destroyers are clean ships, and the chow is pretty good. 
He worries a little about the number-two engine. Oil is 
blowing back from the breather tube in a sparkling black 
line. He makes a mental note to tell the first mechanic 
about it when they get back. . . . The navigator, bending 
over his charts, begins to feel slightly sick from the pitch- 
ing and tossing of the plane. He munches nervously on the 
crackers he brought for just such an emergency and braces 
himself against the navigation table. 

The first big booming gusts of turbulence hammer 
the plane and both the pilots grab for the yoke at once. 
They have been flying on auto-pilot, and the blasts of 
wind catch them by surprise. The pilot flips off the auto- 
pilot switch and grins at the co-pilot as they wrestle with 
the controls. When the ship has settled down, they put the 
mixture control into auto-rich and increase the RPM's on 
the propellers in case they need more power. The pilot 
fumbles through his flight suit and comes up with a 
ragged-looking package of gum. He offers a piece to the 
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co-pilot who shakes his head, busy concentrating on the 
instruments. 

The technique of flying into the eye of a hurricane is 
in theory a very simple one, which is based on the law of 
storms. It merely requires that the pilot point the port 
(left) wing of the aircraft toward the direction from 
which the wind is coming. When this is done properly, 
the wind blows from the left side and the plane is blown 
in an arcing course directly into the eye of the storm. De- 
parting is just as simple. The pilot maneuvers his star- 
board wing into the wind. 

But there are several complications. In order for the 
pilot to keep the wind on the port side, the aerologist must 
be able to see the wind streaks on the water. This means 
that the plane must fly underneath the cloud base; since 
the hurricane clouds extend downward to within three to 
five hundred feet of the surface, flying in the violently 
turbulent air becomes very tricky and requires fast reac- 
tions from the crewmen. Often the plane will pass through 
patches where there is no ceiling at all and the scud ex- 
tends right down to the surface. During those moments 
the pilot can do nothing except fly by his instruments and 
hope that the clouds will lift. 

Another complication is produced by the tremendous 
pressure drop experienced on the flight into the storm. 
Since the aircraft 5 s altimeters operate on an air-pressure 
principle, they are seriously affected by this change. The 
pressure altimeter, for example, indicates that the plane 
is flying higher than it actually is. Thus, if the pilot were 
to believe the information furnished by his pressure al- 
timeter, he would soon fly into the water. 
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In order to compensate for the error in the pressure 
altimeter, hurricane-reconnaissance aircraft are fitted 
with radar altimeters which read correctly in spite of pres- 
sure changes. 

Before heading into the storm, the pilots and aerolo- 
gists will attempt to locate its weakest sector. They probe 
at it tentatively, like a bullfighter feeling out a new bull. 
If possible, they will penetrate one of the softer rear areas, 
though in order to do this they must actually start in 
ahead of the storm because of the mighty drifting move- 
ment of the wind. 

Reconnaissance crews never know what to expect of 
a hurricane. If other crews have flown the storm before, 
they will do their best to describe it, pointing out its pecu- 
liarities and special dangers. However, during a period of 
twenty-four hours, its personality can make an abrupt 
about-face. A hurricane may be dry and smooth one day, 
violently turbulent and wet the next. 

The hurricane winds of equal force blow around the 
center in concentric, elliptical circles, which belly outward 
in the dangerous sectors. The actual penetration begins at 
the sixty-knot circle where the aerologist orders the pilot 
to put the wind on his beam; from this point on, the 
weatherman does the navigating for the crew, and their 
lives depend upon his decisions. 

At the sixty-knot circle, perhaps seventy-five miles 
from the eye, the rain lashes down in solid sheets, creating 
a union of sea and sky that blots out the horizon. Although 
the crew has inspected the aircraft carefully before the 
flight, replacing putty and gaskets, the water pours in and 
all aboard are soaked to the skin. Rivet-gun sounds batter 
their senses as the hull bends and strains, its metal skin 
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popping under the fury of the storm. Ahead, the mighty 
torrent is wild and full of danger; the wind-torn seas 
reach upward toward the crewmen with ever-increasing 
fury. 

The pilots scan the flickering instruments constantly. 
Rain cools the engines swiftly, and they watch the cylin- 
der-head temperatures with great care. Experience has 
shown that aircraft engines suddenly quit when cylinder- 
head temperatures fall below 100 degrees centigrade. Pe- 
riodically an engine takes a slug of water through its in- 
take manifold, floods and cuts with a fearful cracking 
sound. The wind streaks on the sea wheel in a rapid coun- 
ter-clockwise fashion, and the pilot must continually alter 
course to keep the wind on his beam. 

A few minutes before reaching the eye, the radar op- 
erator will see dense patches of weather which glow like 
solid land upon his scope. He will notify the crew that the 
worst is dead ahead. By now the surface of the sea has the 
same appearance as the snow-covered ridges of Alaska. It 
is dead white; the waves are mountainous. The four- 
engine 60,000-pound bomber leaps like a wild thing under 
the sledge-hammer blows of the wind. It stands on a wing 
one moment; its nose is pointed at the sea the next. The 
pilots fight desperately with yoke, rudder, and throttle to 
maintain in balance the delicate equation of flight. 

Behind the pilots, the crew is caught within the dark 
cavernous hull, unable to see the storm or read the violent 
story of danger in the instruments. But they feel the shud- 
dering fury through their bones and in their flesh. Their 
senses are filled with the murderous buffeting and the an- 
gry roar. Each one of them has become inwardly alone- 
isolated by the fury of the moment. 
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The rain blasts over the wings as though shot from a 
high-pressure fire hose, and the metallic structure twists 
and distorts under the abnormal strain. The pilot senses 
everytiiing that happens to his craft with the intuition 
born of many flight hours. He knows that even in routine 
flying structural failures will sometimes occur which can 
fell a plane; but he disciplines himself against such 
thought for he cannot afford the luxury of fear. 

Suddenly when it seems that the plane and the crew 
can stand no more, the roar subsides and they are literally 
tossed into the eye by the wind. An audible sigh passes 
through the ship. The trip out may be just as bad, perhaps 
even worse, but the crewmen feel the psychological advan- 
tage of having once defeated the enemy. Relief is a physi- 
cal thing which creeps into them slowly as hands relax 
their grip on equipment braces and faces lose the hollow 
look of strain. 

The atmosphere of the eye is a misty, greenish yel- 
low. The plane is surrounded on all sides by dark olive- 
colored hurricane clouds; the sea looks wicked but con- 
fused. The radar operator notices that his scope is sur- 
rounded by a bright circle of weather echoes. He directs 
the pilot to steer courses which will keep the craft away 
from the ring of weather, and he carefully measures the 
diameter of the eye for the aerologist. 

While the crew relaxes momentarily, the pilot circles 
in the eye. The navigators catch up on their charts and the 
aerologist makes up his "eye report/ 5 which will read ap- 
proximately as follows: 

HUREP NAVY EIGHT X EYE CENTERED 18-20NI 82- 
10W AT 1410Z X HIGHEST WINDS 130 KNOTS FROM 
080 DEGREES X LOWEST PRESSURE 942 MILLIBARS X 
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EYE WELL DEFINED BY RADAR X CIRCULAR IN SHAPE 
16 MILES IN DIAMETER X RADAR COVERAGE BELIEVED 
FEASIBLE X ADVISE FUTURE RECONNAISSANCE AIR- 
GRAFT TO AVOID NORTH QUADRANT X EXTREMELY TUR- 
BULENT X VERY WET X EYE OVERCAST X RETURNING 
JAX. 

As soon as the eye report has been transmitted and 
"rogered for," the crew is ready to start back. But the 
work of the hurricane-reconnaissance plane is not yet fin- 
ished. The men receive a message to circumnavigate the 
disturbance on the sixty-knot circle to determine the po- 
tential destructive area. It is not until hours later when 
they flash the message "DISCONTINUING CIRCUMNAVIGAT- 
ING DUE FUEL EXHAUSTION" that they can go home. 

When they arrive back in Jacksonville, they are bone- 
tired. Most of the airplane's paint has been wiped clean 
from the wings and tail, bearing mute testimony to the 
intensity of the storm. Often fittings will be salt-encrusted 
showing that the aircraft was so low it actually flew within 
the surface spray. 

As the men disembark stiffly from the aircraft, their 
eyes are red-rimmed and tired. Immediately upon land- 
ing, most of them are silent and ill at ease, as though un- 
accustomed to the strange familiarity of solid ground. 
They stand in groups quietly with little to say. They puff 
deeply on cigarettes and seldom swear. 

After their missions, the hurricane crews do not talk 
much about their work; when they do, it is in the humble, 
quiet tones that they might use in church or during the 
great events of their lives. They know that the terror and 
magnificence of the storm can never be imparted by words 
to other men. About the hurricane they feel perhaps like 
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Byron: "Oh night and storm and darkness! Ye are won- 
drous strong. Yet lovely in your strength." 

Based on the information from their eye report and 
post-flight summary, the U. S. Weather Bureau issues its 
hurricane advisory report and the storm track forecast for 
the next twenty-four hours. All over the coast of Florida 
people nail storm shutters over their windows and other- 
wise prepare for the big blow as a result of their recon- 
naissance. 

Man is no longer a moronic brute, and he no longer 
worships the hurricane as a god. He sends his aircraft out 
into the storm, plots its track on the blue-white radar 
scope, and blankets the country with notice of its coming. 
But no hurricane was ever subdued in the least fractional 
sense by any of his efforts. No hurricane has ever been 
caused to veer the merest trifle by his modern know-how. 
No hurricane has ever been predicted but only discovered 
by encounter. Nothing man has developed or dreamed of 
checks its terrible power. The great winds still ravage the 
earth and the tidal waves demolish the coast. Our efforts 
thus far have succeeded in but one phase providing 
warning about nature's most dangerous catastrophe. Per- 
haps as the curtain of his ignorance lifts, man will control 
the sun-created hurricanes as today he is able to control 
the climate of his air-conditioned house. But until that 
day comes, there will still be a need for the hurricane- 
hunting planes and their valiant crews. 



CHAPTER 



s 



Twenty-Five Thousand Prophets 

"Unless it rains, my comrades, 
The weather will be dry." 
Nicholas Bran go 

In today's world the strides taken to build our civili- 
zation are rarely the result of a single gifted talent. The 
lonely inventor working in his basement and the scientific 
genius isolated in his ivory tower have vanished to be re- 
placed by corps of skilled research teams in modern air- 
conditioned buildings. Yet the great scientific advances 
have always been spearheaded by amateurs and all pro- 
fessions owe their origin to an amateur for who can be a 
professional in a field not yet created? 

Weather science or meteorology, as it was named by 
Aristotle, is no exception. Today many of our distin- 
guished universities confer the degree of meteorologist up- 
on skilled students. The basic laws have been established 
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and the tools of the profession grow more complex daily. 
But in the Middle Ages no such science existed. Further- 
more, most people then felt that there was no need for it. 
Aristotle, the fabulous Greek whose word was unchal- 
lenged, had settled the question of weather adequately 
and, it was thought, irrefutably almost two thousand years 
before. His book M eteorologica, written in 350 B.C., solved 
the weather problem for the civilized world for the next 
twenty centuries. 

Aristotle based his theory of weather prediction en- 
tirely on local conditions. He believed that tomorrow's 
storms could be foretold from symptoms that could be 
seen in the sky overhead today. He neglected entirely the 
effect of weather elsewhere in the world. And this purely 
visual method was used throughout the turbulent but dog- 
matic Middle Ages. 

Only one flaw existed. Aristotle was wrong. By mere- 
ly checking the weather against the forecasts, even the 
ordinary person could see that his forecasting technique 
did not work. But the temper of the age was such that the 
fault was always attributed to the observer, never to the 
theory of Aristotle. 

Around the turn of the seventeenth century Galileo, 
the famous Italian astronomer and professional doubter, 
became entranced by the strange characteristics of the 
heavy, metallic liquid called mercury. Much to his amaze- 
ment, he found that a few ounces of mercury, placed in 
a tube, expanded and contracted with heat and cold. His 
experiments resulted in the world's first thermometer, and 
upon this discovery the foundation of modern weather 
science was laid. 

In 1643, Torricelli, a student of Galileo, observed an- 
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other curious quality of mercury. When the liquid was 
placed in a long glass tube, one end of which was sealed 
and the other placed in a bowl, not all of it ran out. In 
fact, a vertical column of about thirty inches remained. 
This held true for both fat and thin tubes, on hot days as 
well as cold a truly mystifying fact. Torricelli noted, 
however, that the length of the column of mercury varied 
a few inches in height from day to day. Sometimes it 
climbed a little; at other times it dropped. A true scientist, 
Torricelli recorded his findings carefully and went on to 
other experiments. 

Blaise Pascal, the French physician, stumbled across 
Torricelli's findings in 1647 and wrote a letter concerning 
them to his brother-in-law, who was an ardent mountain 
climber. Pascal expressed the opinion that the only force 
which could keep the heavy mercury from running out of 
the tube was the weight of the air resting on the liquid in 
the bowl He believed that the thirty-inch column of mer- 
cury was equivalent to the total weight of the column of 
air above it. Since there would be less air above a moun- 
tain than there would be over a valley below, Pascal asked 
his brother-in-law to take one of Torricellf s mercurial 
tubes with him on his next mountaineering expedition. 
The young man did and wrote back excitedly that the 
mercurial column was over three inches shorter at the 
mountain's peak than it was at its base. Thus the barome- 
ter was born. Today it remains the most efficient method 
of measuring the weight of the column of air above us. 
Since most bad weather is associated with a decrease in 
air pressure or low, as it is called, the barometer has be- 
come one of the most powerful tools of the weather fore- 
caster. 
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From these beginnings the story of weather science 
unfolds. Slowly and reluctantly, the simmering, mobile 
envelope of air gave up its mysteries. The great trade 
winds which filled the sails of the seventeenth-century gal- 
leons in their search for commerce caused the final over- 
throw of Aristotle's weather theory. Seamen were forced 
to the belief that the atmosphere, like the rivers and 
oceans of the earth, was fluid and ever moving. And this 
realization led to the knowledge that the islands of weath- 
er, as well as the spices of India and the gold of Peru, were 
navigated across the seas by the shifting winds. Relentless- 
ly, scientists pursued the mysteries of temperature and 
energy. And as the knowledge of the physical laws grew, 
it was applied to these mysteries until the complex rela- 
tionships of the weather elements were fairly well under- 
stood. 

Despite this increase in understanding, practically no 
advance was made in the science of weather forecasting 
for two hundred years after the invention of the barome- 
ter. It was one thing to know that snow in Paris today 
would mean a blizzard in Berlin tomorrow, and quite an- 
other to use this knowledge effectively when the fastest 
means of communication was less speedy than the storm 
itself! 

Then in 1844 Samuel Morse sent the world's first 
telegraphic message from Baltimore to Washington. The 
insurmountable difficulty had been overcome; for the first 
time it was possible to spread the news about the weather 
in time to make accurate forecasts. By 1850 detailed rec- 
ords of weather observations, taken with instruments, 
were being compiled and transmitted in many nations of 
the world. Through the study of such records, weather- 
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men soon established their science, and the forecasting of 
weather moved from the realm of the amateur to that of 
the professional. 

Almost from the start, weather science was separated 
into two major fields, which were given rather high- 
sounding namesclimatology and meteorology. The dif- 
ference between these fields is similar to that between the 
steam shovel and the garden spade. The climatologist is 
interested in the world-wide weather picture and the long- 
term weather trends. The meteorologist speaks only for his 
local area, and his forecasts extend no further than com- 
ing week-end weather. 

All weather phenomena are statistics for the clima- 
tologist. He is like the life-insurance actuary, compiling 
records of monthly, seasonal and yearly variations of tem- 
perature, pressure, rainfall, cloudiness, wind velocity and 
everything else that he can measure. He is mainly con- 
cerned with average conditions. A hurricane is just anoth- 
er freakish figure on a chart to him. Only if it were to last 
a year and upset the long-term balance would he become 
deeply concerned. 

Despite his forbidding title, the demands for the serv- 
ices of a climatologist are enormous. Municipalities con- 
sult him to determine the amount of snow-removing 
equipment they will need. Construction firms query him 
about the most favorable months for building. The recent 
location of the U. S. Air Force Academy in Colorado 
Springs, Colorado, is directly attributable to a climatolo- 
gist. Climatology teams will explore the weather of dis- 
tant planets before our first space ships descend upon their 
surfaces. 

The climatologist, in studying his records, is always 
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alert to the frequency with which any given weather con- 
dition occurs. This is because he wants to be able to say, 
after looking at fifty years of records, that although in 
New York July 4 is sometimes cold and rainy, it is usually 
a warm day in the high eighties with scattered clouds and 
light winds. Reasoning further, he can then say the 
chances are this kind of weather will prevail on July 4. 
From such data the weather almanacs are made. And al- 
though almanacs are not infallible, neither is the local 
forecaster. The percentage of days when the weather is 
predicted correctly a year in advance will always outnum- 
ber those when the weather wheel spins off form* 

Sometimes the climatologist directs his attention 
from the sky and becomes absorbed in the earth itself. 
Climatology explains many absorbing facts about our 
landscape; thus, it enables the archeologist to estimate the 
climate of the earth in prehistoric ages, for there is a close 
kinship between climate and earth topography. Our coun- 
try, for example, is ridged by two mountain chains which 
separate the great plains of the central states from the 
coastal regions on either side. By the time the wet ocean 
winds pass over the mountains, their moisture is pretty 
much squeezed from them; therefore, rainfall is heaviest 
in the coastal states. Land erosion by water is a gentle 
process and the coastal countryside is characterized by 
rolling contours, sloping, rounded hills and many small 
streams. Because of the abundant rainfall, vegetation is 
rich and the forests grow dense. These in turn attract a 
thriving animal population which further enriches the 
earth. 

Within the great plains water is more scarce and 
the landscape shows characteristic changes. The towering 
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coastal forests give way to seas of prairie grass. The nature 
of animal life is quite different and few streams are en- 
countered. In some regions where there is little rainfall, 
such as the southwestern states, the alkalinity of the soil, 
unwashed by rain, becomes very high. Vegetation is dis- 
couraged by these twin factors and dwindles away until 
the naked earth is left open to the scouring effect of wind 
erosion. The landscape is sharply jagged and weird shapes 
are cut from the stone by the gusts. Most of the candy- 
striped needles of rocks found in Death Valley are created 
by the sculpturing winds. 

Many believe that the climatologist will ultimately 
refine his records and techniques to the point where he 
can predict the weather accurately for days, weeks, and 
perhaps months in advance. These convictions are not 
merely based on a cherished hope. Astonishing, if little 
known, miracles are being accomplished these days 
through the application of statistical laws. The quantum 
physics^ which is used to unlock the continuously varying 
but nevertheless predictable secrets of the atom, leans 
heavily on statistics. Modern electronics has begun to ap- 
ply statistical methods in the search for better communi- 
cations and radar. Large-scale military operations are pre- 
dicted with uncanny accuracy by statisticians far behind 
the battle lines. The vast storehouse of statistics which are 
collected daily about our weather may well result in ulti- 
mate victory for the climatologist in the fantastically com- 
plicated game of long-range prediction. But until that day 
arrives, we must put our faith in the hands of the fore- 
caster who does his best to tell us whether it will rain to- 
morrow and who will not even hazard a guess about next 
week. 
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Weather forecasting, like other physical sciences, is 
based on two factors. One of these is instrumentation, such 
as the precious thermometer and barometer invented by 
the renegade Italians of the seventeenth century, as weU 
as the modern electronic devices like high voltage radar. 
The second factor is visual observation. All sciences em- 
ploy this technique. The weatherman, struggling to solve 
the complexities of an atmosphere in motion, has devel- 
oped the art of observation to an incredible degree. 

Unfortunately, even during the best days, the weather- 
man is able to see a maximum of only twenty miles in any 
direction. Under the sodden clouds of bad weather, his 
visibility may be further restricted to almost zero. Buried 
in the dense, sometimes opaque layers of the lower atmos- 
phere, he often cannot determine the weather ten miles 
away, much less the extent of storms brewing several hun- 
dred miles to the west. Yet these same storms may be over 
him almost before his next forecast reaches the newspaper 
stands. 

It would seem a major advantage for the weather- 
man if he could only look down on the earth from above- 
say, from an altitude of five hundred miles. Peering from 
such an observation post, he could watch the mighty hur- 
ricanes build and follow their courses across the oceans. 
The great frontal battlegrounds of the sky would stretch 
above the globe before his eyes, their lines accurately 
drawn, their intensity easy to predict. Huge sections of the 
earth would be blotted from his view by the bright, thin 
air-mass clouds. He would see the glowing miracle of snow 
follow the winter cold fronts across the land, and the 
green mantle of vegetation form quickly after the spring 
rains. Once and for all, he could solve the soundless mys- 
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tery of the aurora borealis. 

But even the weatherman operating far out in space 
would not be a perfect forecaster. Careful observation 
would soon reveal that some of the fronts hesitate as they 
move over the sphere: many of the hurricanes take er- 
ratic, unpredictable paths, and often, inexplicably, it 
stops raining although the same clouds still hover over the 
land. The shape and intensity of the storm areas often 
change without apparent reason. These things would 
cause the space observer to shake his head in perplexity, 
realizing that perhaps his greatest advantage over his col- 
leagues is that of distance from his critics. 

In practice the modern weather observer does not 
have the visibility advantages of the space weatherman. 
Still, he has a method which allows him to analyze the 
world weather picture much more accurately. 

The system is predicated upon the use of vast numbers 
of men some in uniform and others in civilian dress all 
of them working together. Over fifteen thousand members 
of the Air Force and the Navy give full time to the pre- 
diction of weather. The United States Weather Bureau 
swells the roster with four thousand additional weather- 
men in its regular employ and three thousand who give 
seasonal help. Industrial meteorologists, research men, 
and college professors augment the ranks until almost 
twenty-five thousand experts regularly probe our atmos- 
phere for its secrets. 

These weathermen conduct the world-wide weather 
hunt on the North American Continent and in the sur- 
rounding oceans. The hurricane-whipped waters of the 
Caribbean reflect the shadows of probing weather air- 
craft, and the mists of the foggy Aleutians are pierced by 
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their boats. Thousands of weather stations dot our conti- 
nent and its waters. All of these are linked by a gigantic 
communications network so that the start of a snowstorm 
in Nome, Alaska, is known in Panama City almost the 
minute it begins. At this very instant and during every 
hour of the year, weather observations are being taken by 
the tireless weather crew. The temperature, pressure, hu- 
midity, and winds are noted, coded, transmitted and an- 
alyzed until the mighty atmosphere yields its secrets far 
more completely than it would to any space observer. 

This spiderweb of weather stations constitutes the 
modern weather machine and is the basis for weather pre- 
diction. It has existed only since 1914. 

In that year Norway, a neutral in World War I, was 
cut off from the weather reports of other countries and, 
more importantly, from the oceans which were being pa- 
trolled by warring fleets. To overcome this handicap, a 
dense system of weather stations was established, each one 
only a few miles from its neighbor. The Norwegian ex- 
periment was based on the research of a Norwegian physi- 
cist named Vilhelm Bjerknes. The results of the system 
became available to the world after the war ended. 
Bjerknes 3 pioneering, coupled with the subsequent find- 
ings of Tor Bergeron, Swedish meteorologist, and those of 
Jacob Bjerknes, son of Vilhelm, led to modern weather 
service. This system, which is now world-wide, relies upon 
the accurate information received from thousands of 
weather stations all over the world. Every six hours the 
current weather data is plotted on the weather map by 
means of the meteorologist's shorthand called the station 
model The station model is merely an international code 
used by weathermen to indicate the local weather which 
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they continually observe. A typical station model is shown 
below. It is identical the world over. Station-model data 
are the bricks with which the weather analyst builds his 
weather forecast. 



WIM) POBCE I 

(BEAOFO&T 5) M. 
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TEMPERATURE 



PRESENT WEATHER 
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\AMOT7NT OF 

ERBCIPIEATIOJI 



International plotting model for land 
stations. A similar model ie used for 
ship stations. 

The weatherman plots the station models upon his 
map at the points where the data for them was gathered. 
Next he draws a series of solid black lines which curve in 
odd swirls and circles across his charts. These are the iso- 
bars or lines of equal barometric pressure. He finds the 
information for drawing them in the upper right hand 
comer of the station model. The ancient barometer of 
Torricelli is still used as the basis for these readings. 

Once the weatherman has drawn in his isobars, he 
locates the regions of highest pressure and labels these 
HIGH. The regions of lowest pressure he calls LOW. 
Once he has shaded the areas of rain and snow and 
sketched in the fronts, he has the weather map you will 
see in your newspaper in a few hours. This is called a 
synoptic weather map and although it has none of the re- 
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ality and wondrous color which would be seen by the 
space weatherman, it is more accurate and informative 
than anything he could draw. An example of a synoptic 
weather map is shown on the opposite page. 

The synoptic weather map is deceptively simple. 
Much more can be deduced from it than the mere loca- 
tion of fronts, fog and rain. The isobars effectively form 
pipes through which the winds of the earth flow. If these 
lie close together the winds are generally strong. The ef- 
fect is similar to that of the nozzle at the end of a fireman's 
hose. 

The direction of the winds can be predicted also. In 
our hemisphere, the winds blow clockwise around a high 
and flow outward from the center. The reverse is true for 
low-pressure areas. 

While working on his map, the weatherman learns a 
great deal about the winds and storms over our country. 
He knows that we lie within the great band of prevailing 
westerly winds. Therefore, the pressure systems and air 
masses on his map will travel from west to east. Experi- 
ence has taught him that this great easterly movement 
covers about five hundred miles a day in the summer and 
seven hundred miles per day in the winter. Thus, if he 
lives in New York, he can look at the weather in Toledo, 
Ohio, and tell roughly what his weather will be like to- 
morrow. 

However, accurate weather prediction is never quite 
that easy. 

The westerly flow high in the stratosphere may be 
predicted accurately enough to be used advantageously by 
high-flying aircraft, but unfortunately the flow at the 
earth's surface is complicated. Mountain ranges jut into 
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the winds and displace their currents. Vertical drafts rise 
from the unevenly heated land and blend with the lower 
air. New fronts suddenly grow; inexplicably old ones will 
lie dormant for days. 

The net result is that the weatherman must exploit 
his training, his experience and his powers of observation 
to the limit. But so skilled have our observers become that 
despite the changing patterns in the sky, their predictions 
are about eighty-five per cent correct. 

The Weather Bureau has recently located two auto- 
matic weather stations on uninhabited islands in the Ba- 
hamas east of Florida. These robots are equipped with 
elaborate telemetric devices which transmit barometric 
pressure, wind direction, and wind velocity by radio. 
Weather Bureau offices at Miami and Key West pick up 
the signals which are translated to a wax-paper tape. 
Each station has a time-clock arrangement which puts the 
station on the air at fifteen-minute intervals every three 

hours. 

Our weather-forecasting machine and its mecha- 
nisms are barely one hundred years old. Many original 
copies of the weather tools described in this chapter have 
not yet worn out. The modern concept of weather theory 
is no older than a middle-aged man. Yet in this brief peri- 
od our scientists have successfully challenged the mysteries 
of the weather laws and have found the keys to secrets 
which had remained untouched through the milloinitims. 
Today's progress is concerned chiefly with understanding 
and predicting the motion of the atmosphere. But 
throughout the story of science, understanding has been 
but the first step toward creation of a new technique, a 
new system. Einstein's insight was the prelude to the 
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atomic reactor. Newton's conjecturing led to the building 
of our modern bridges and dams. It appears inevitable 
that some day man will remake the weather according to 
his own desires. As we will see later, the efforts already 
made in that direction indicate this day is but a thin mo- 
ment away as time is measured by the historians. 



CHAPTER 



9 



The Robot Forecaster 



"But, look, the morn, in russet mantle clad, 
Walks o'er the dew of yon high eastern hill. . ." 

Shakespeare 

Captain Howard T. Orville was formerly the top 
Navy weatherman and chairman of President Eisen- 
hower's Rain-Making Study Committee. Speaking before 
the American Institute of Electrical Engineers at the Uni- 
versity of Michigan in 1953, he said that the tremendous 
property losses, the many highway deaths, and the suffer- 
ing caused to millions of persons during winter months by 
ice and sleet storms could be greatly reduced through 
electronic weather prediction. He also stated that radar 
storm-detection units, co-ordinated with other key equip- 
ment placed at about thirty-five points around the nation, 
could predict to the minute the arrival of a storm, its in- 
tensity and its duration. 
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He further stated: "Electronic forecasting, combined 
with data already available through existing Weather Bu- 
reau facilities, could predict, for example, that it will snow 
in Ann Arbor from 2:00 P.M. tomorrow until 3:45 P.M. 
and how much/ 3 

According to Captain Orville, the use of radar track- 
ing in hurricanes has cut deaths from these storms by 
ninety-eight per cent. He believes it would take ten years 
to set up a nationwide electronic weather-warning system, 
but that the resulting saving of billions of dollars in storm 
damage and thousands of lives would be well worth the 
time and the cost. 

The thirty-five electronic weather stations which he 
contemplates would contain the following instruments: 
( 1 ) a storm-detection radar displaying a picture of all the 
rain, snow, sleet or hail over an area of several thousand 
miles around the station; (2) a radar set which provides 
the cloud-base and cloud-top height information continu- 
ously for all cloud layers passing over the station; (3) re- 
cording equipment such as radiosonde balloons which 
automatically transmit data on temperature, pressure, hu- 
midity and other facts from altitudes up to one hundred 
thousand feet; (4) radar and television units capable of 
relaying weather conditions from one station to another; 
(5) electronic computers which combine the data from 
each station with all known weather information gathered 
throughout the Northern Hemisphere. 

Under some conditions. Captain Orville added, ra- 
dar-equipped aircraft would be used to supplement the 
ground units. Each station would be manned by two radar 
technicians and ten or twelve weather observers. 

Fantastic as these schemes may appear, Captain 
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Orville knows that there are sound principles behind them 
and that many strides have been taken toward perfecting 
the equipment necessary to do this job. 

The magical, electronic eye of radar has already 
demonstrated its ability to seek out storms and clouds, just 
as it was able to detect the snorkel of enemy submarines 
in World War II. Actually, radar does not see the storm 
but receives its echo from the air-borne masses of rain, 
snow, sleet or hail. Billions of these air-borne particles re- 
flect the pulsing energy to rebound and be recorded upon 
the florescing radarscope. Radarmen have learned how 
to interpret these telltale images with the result that 
trained observers can now predict the precise location and 
extent of weather storms from them. 

The major airlines were the first to be interested in 
the freakish ability of radar to locate storms. Their chief 
concern was that of safety. The extreme turbulence found 
in some thunderclouds has long troubled aviators, Almost 
any airport can produce an airman who will testify from 
personal experience that flying through thunderstorms al- 
most cost him his life. Such men describe violent updraf ts 
which sent their planes hurtling upward at express speeds 
and turbulence severe enough to flip multiengined air- 
craft upside down. 

These reports with their emphasis on safety provided 
the basis for the airlines' desire to devise some method of 
avoiding such storms. Aside from the commercial value of 
the aircraft and its equipment, there was the commercial 
value of its passengers. An airline whose routes continually 
passed through thunderstorm areas became accustomed 
to dealing with sick and hostile passengers. The problem 
was by no means a small one. Although the thunderstorm 
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is a rare phenomenon to ground dwellers in many of our 
states, it is encountered frequently on long aircraft flights. 
For example, the summer of 1953 was not remarkable for 
its thunderstorm activity, yet for sixty-nine consecutive 
days there was a turbulent thunderhead somewhere along 
the airline route between Denver, Colorado, and Omaha, 
Nebraska. 

Prior to the use of radar, only one alternative was 
open to the airline pilots. If a thunderstorm was reported 
along their route, a detour was necessary with a resulting 
loss in time, gasoline, and profit. In 1946 American Air- 
lines conducted a series of tests with World War II equip- 
ment to determine the effectiveness of radar as a storm- 
warning aid. The results were startlingly successful. 

American Airlines' engineers quickly determined that 
radar echoes were received mainly from rain and hail. 
Tests showed that light rain produced a weaker picture on 
their scopes than heavy rain; they were even more success- 
ful in indicating hail. 

World War II equipment was not the final answer, 
however. Although the pilot was able to locate the storm 
front and estimate the type of precipitation, he could not 
determine the depth of the storm. This was extremely de- 
sirable, since the pilot who could probe the extent of a 
storm was able to pick the most direct route through it. 
Thus, if he found it possible to pass quickly through a mild 
sector, it was more advantageous than flying a costly de- 
tour of perhaps many hundreds of miles. 

The airline company therefore assigned a team of 
electronic engineers to work on the problem. These men 
solved it by developing a new radar. The new radar un- 
derwent extensive tests during 1954 and achieved spec- 
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tacular results. Its pulses penetrate the storm front and 
define the area beyond. The thundercloud emerges on the 
scope as a dappled pattern of strong and weak echoes. By 
choosing a path through the mild area, the pilot can now 
avoid the dangerous turbulence. Repeated flights have 
shown that the airlines' pilots do not need to fly more than 
twenty-five miles out of their way. Instead, they can 
thread their path through corridors in the storm which 
are often less than five miles wide, and except for mild 
bumpiness, they arrive unscathed on the other side. 

The lessons learned by the airlines were not lost upon 
the weathermen. They readily employed the new appa- 
ratus in establishing the renowned Joint Hurricane Warn- 
ing Service. Today the flight crews of both the Air Force 
and the Navy who penetrate the hurricanes of the Atlantic 
and the typhoons of the Pacific depend largely on radar 
for the successful completion of their missions. On their 
way in and out of these mighty storms, they are guided by 
radar around the ominous areas of high turbulence. Once 
within the eye, radar enables them to search out the neces- 
sary information concerning its size and shape. At night 
the hurricane is tracked continuously by radar aircraft 
which fly in an orbit near the edge. 

The use of radar by the Joint Hurricane Warning 
Service is but one military application. Accurate short- 
range weather prediction is vital to our ground forces in 
wartime. History is filled with tales of lost battles caused 
by unexpected weather changes which turned roads into 
quagmires and fields into swamps. 

With this in mind, the U.S. Army Signal Corps has 
sponsored intensive weather research work at the Massa- 
chusetts Institute of Technology since World War II. A 
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few of the first radar sets designed for weather study by 
this project are now being put into operation. These units 
are expensive, over two hundred thousand dollars each, 
but they are well worth the cost. Cloud forms can be dis- 
tinguished upon their scopes, and even minor amounts of 
rainfall can be located and forecast with precision. 

As each day passes, more uses are found for radar as 
a tool for the weathermen. Industrial firms near the hur- 
ricane coasts have found it profitable to build their own 
weather stations. The Dow Chemical Company in Free- 
port, Texas, has two plants located on the flat lowlands 
near the Gulf of Mexico. Before the use of radar these 
plants had to stop operation whenever there was a hurri- 
cane in the Gulf. Although most of these storms never 
came near Freeport, no means existed of predicting their 
path. In eight years suspended operation cost the com- 
pany over two million dollars. In 1948 Dow installed a 
search radar. Not only has this unit ended unnecessary 
work stoppages but it has located and tracked several hur- 
ricanes, which previously were undetected and which did 
pass through Freeport. Today Dow is one of many indus- 
trial agencies co-operating with the Weather Bureau in 
hurricane reconnaissance. 

After the usefulness of radar was demonstrated in lo- 
cating hurricanes, many weathermen speculated that it 
could also be used to give the alarm at the approach of 
the death-dealing, violent tornado. During the spring of 
1953 the cities of San Angelo and Waco were struck by 
vicious twisters, and the state of Texas sought a means of 
warning against further catastrophes. A meeting of fed- 
eral and state representatives was convened. Rugged Tex- 
as individualism was again demonstrated. Before the ses- 
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sion ended, a new adventure in community enterprise and 
self-help was launched. 

The Weather Bureau offered to make some of its 
war-surplus radars available to Texas communities if the 
local governments would provide money to convert them 
to weather radars. Texas A & M College agreed to under- 
take the conversion, and a fund-raising campaign got off 
to a fast start. By the spring of 1954 twelve out of fifteen 
Texas cities signed contracts for financing the radar in- 
stallations, and two sets were in action. The spring of 1955 
finds the tornadoes of the Texas plains added to the grow- 
ing list of storms under full radar surveillance. Captain 
Orville's dream has already begun to assume a semblance 
of reality. 

The great advance in technical knowledge which 
grew out of World War II and which resulted in radar, 
supersonic aircraft, and guided missiles produced another 
unique device the digital computer or automatic brain. 
A digital computer is a fantastically complex electronic 
machine based on the principles of the adding machine 
found in most business offices. Its resemblance to this ma- 
chine is remote as the H-bomb's likeness to the bow and 
arrow. It can perform more calculations in five minutes 
than an expert working with an adding machine could 
do in sixty years. Until very recently, the chief applica- 
tion of this incredible device was the solution of the more 
complex problems of higher mathematics. This situation 
changed when WBAN, usually called wayban, was estab- 
lished. 

WBAN stands for the initials of the Weather Bureau, 
Air, Navy. It is a composite organization located in Wash- 
ington, B.C., established for the purpose of pooling, an- 
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alyzing and distributing weather information to its mem- 
bers. The Navy requires this information for its ships at 
sea, the Air Force for its planes, and the Weather Bureau 
for the civilian public. 

The co-operation of these three meteorological groups 
in pooling their information was furthered in 1947 when 
Congress joined them officially. From that time on not 
only was weather information shared but the research ef- 
fort of all three groups was integrated. 

Early in their union, the weather partners planned 
and committed themselves to a bold step in mastering the 
unknown. They proposed to build a machine which would 
be capable of forecasting the weather with greater accu- 
racy than any human forecaster! 

A vivid example of the electronic brain's potentiality 
as a means of predicting future events was demonstrated 
during the 1952 presidential election. Television viewers 
will recall that one of these electronic wizards was set up 
to predict the final vote on the basis of early returns. On 
election night the early results were given to the machine. 
The thousands of relays clicked; the tapes hummed and 
the electronic tubes glowed. Finally, on the electric type- 
writer, which is the wizard's mouth, the prediction was 
tapped out. Eisenhower by a landslide. 

The assembled scientists were aghast. The election 
was supposed to be close. Even the most devout Republi- 
can could not believe that the margin would be as large 
as the results indicated. They were quite sure there was a 
short circuit in the giant brain or that the information had 
been fed to the machine improperly. In any case, they an- 
nounced that the machine was out of kilter. The differ- 
ence between the final vote tabulation and the machine's 
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prediction was amazingly small. 

The method used to predict this election was quite 
simple, but required the machine to perform a feat of 
memory far beyond the capability of a thousand men. The 
results of many past elections were fed into the mecha- 
nism. These were stored in the thousands of tubes and cells 
within the electronic brain, making it a more experienced 
forecaster than any politician. During election night these 
past results were compared with the current trend to ar- 
rive at a sound prediction. 

To imagine the use of this machine for predicting the 
weather, all we must do is substitute weather information 
for electoral votes. In place of the key county results, the 
data from weather stations would be fed into the machine. 
The idea was not fantastic in the sense of science fiction, 
but was very difficult to put into operation. 

The Joint Chiefs of Staff supported the project, mili- 
tary research funds were made available and the Institute 
for Advanced Study at Princeton, New Jersey, was in- 
structed to do the job. Six intensive years of experimenta- 
tion and over a million dollars were required, and by 1952 
the first model of a weather-predicting mechanical brain 
was in experimental operation. 

The Princeton group began its operation very slowly. 
Theirs was a new world of science to explore, and every 
move was cautiously planned. Many observers doubted 
that man could ever uncover the intricate laws of the gi- 
gantic, mobile atmosphere. Dr. Jule G. Chamey and his 
associates embarked upon the project confidently. The 
first milestone was reached when the scientists devised 
theoretical methods of predicting the motion of the at- 
mosphere at one altitude along a single circle of latitude. 
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From this they progressed to the infinitely more compli- 
cated problem of predicting the atmospheric currents over 
a large part of the United States. Next they expanded the 
study to include air movements over three altitudes. To- 
day they can handle the gyrations of the atmospheric 
streams within five levels over the United States. In 1952 
their electronic brain, designed by Professors John Von 
Neumann and Julian Bigelow, was ready. 

This machine based its prediction on the data fed in- 
to it from 768 weather stations which gathered the local 
weather data at exactly the same time. On the basis of the 
information received, the electronic brain went into ac- 
tion. It performed seven hundred and fifty thousand mul- 
tiplications, ten million additions and subtractions, and 
executed thirty million distinct orders given by its robot 
controls. In forty-eight minutes the forecast was ready. 
The same forecast, made by hand, would have taken hun- 
dreds of years, somewhat late for the morning edition of 
the local newspapers. 

Each year improvements have been made in the 1952 
machine. Today it can handle close to two thousand sep- 
arate weather stations. The data to be fed into it is gath- 
ered from all over the United States. One more step to- 
ward Captain Orville's dream has been achieved. 

The atmosphere does not yield its secrets easily, and 
the present forecasting machine is not perfect by any 
means. But the results obtained from the electronic brain 
have been most encouraging. Captain John McKillip, 
USN, head of the Navy Aerology Branch, recently stated : 
"Results of machine forecasts are significantly better than 
the best human predictions now available. 5 ' 

In order to determine the capabilities of their 
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weather-predicting machine, Professor Charney and his 
associates have tried their hand at predicting the freakish 
and unexpected storms of past years. Although such fore- 
casts are akin to the hincLsights of the Monday-morning 
quarterback, they afford the Princeton team a method of 
checking the accuracy of their computations. The scien- 
tists scrupulously included only the official weather-bureau 
data which would have been available to them before the 
storm. They tested their technique by predicting three 
eastern-seaboard snowstorms which completely surprised 
the weather experts at the time of their actual occurrence. 

These included the snowstorm on Thanksgiving, 
1950, the storm of November, 1952, and the violent bliz- 
zard of November, 1953. None of these was even faintly 
anticipated by local weathermen until it appeared over- 
head. 

The first two storms were predicted with astonishing 
accuracy by the electronic machine, much to the gratifi- 
cation of the observers. The third forecast, however, 
failed. A second run with the same data produced an 
identical result the machine could find no storm. Instead 
of taking an axe to the machine, the scientists began a 
painstaking check of all their data. During this process it 
was found that the information collected on November 
5 by a weather ship stationed between Norfolk and Ber- 
muda had not been utilized by the Weather Bureau. This 
additional weather information was fed into the machine, 
which came up with a concise, accurate prediction of the 
storm. 

This episode clearly illustrates the enormity of the 
problem faced by scientists working on the machine- 
forecasting project. This machine, like all others, is no 
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more reliable than the facts which are fed into it. The 
difficulty of sampling accurately the world's atmosphere 
is huge, but the scientists will never admit that it is im- 
possible. 

Jule Chamey and his technical team do not believe 
they can ever eliminate the local forecaster. But they do 
feel that their electronic computer will give accurate area 
forecasts. This will allow the local weatherman to spend 
more time pinpointing his particular section, basing his 
local forecasts on the electronic-brain predictions and the 
subtle regional influences which only he knows. 

The progress made so far is incredible when we re- 
alize that radar and electronic-computing devices are only 
about fifteen years old. Already they have influenced dras- 
tically our techniques of weather forecasting. There is no 
means by which we can predict man's ultimate ability to 
search out the hidden secrets of the air around us, but we 
can find the shaping of future events in Captain Orville's 
prophetic words. The accuracy of weather prediction will 
be vastly increased; the exact time of rainfall will be fore- 
casted as precisely as we now can foretell the rise and fall 
of the tides. Slowly we are postulating the laws of atmos- 
pheric motion. From our knowledge of these we will build 
our machine and extend our forecasts in time to a month 
and then perhaps a year ahead. We will learn to track the 
tornado before it is hurled down upon us; we will know 
exactly when and where the cyclone will strike. Then, 
armed with this knowledge, we will set forth to conquer 
the weather we now predict. 
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The Invisible TSrmy 



"Almighty and most merciful Father . . . restrain these 
immoderate rains with which we have to contend. Grant 
us fair weather for battle. . . ." 

General George S. Patton, Jr., U.S.A. 
Third Army Headquarters, Germany, 1944 



In the development of the modern world, no influ- 
ence has had greater impact on the growth of our civiliza- 
tion than climate. The effect produced by the vagaries of 
local weather conditions has caused so many changes in 
the course of our history that many books would be re- 
quired to record them all. It is no wonder man often be- 
wails the fact that his life is buffeted by "the winds of 
chance/* 

In ancient times men were aware of this even with- 
out being able to look back through history. They were as 
often impatient with the weather as we are today, and 
they sought to change its unalterable course by using all 
the powers within their command. When Xerxes was 
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waiting to cross the Hellespont in 480 B.G., he was thwart- 
ed by huge waves caused by a storm; according to legend, 
he ordered ten thousand slaves to lash the waves with 
whips to still the turbulent sea. When the waves finally 
subsided, he built a bridge consisting of boats across the 
Hellespont and took a million men into Greece to accom- 
plish the conquest of that country. 

The caprices of weather have sometimes produced 
amazing coincidences which influenced the destinies of 
men almost as if they were the result of some higher, well- 
ordered design. Napoleon, who was contemptuous of less- 
er generals and defeated them with ease, was frequently 
the victim of weather during his final years. He called this 
adversary "General Mud" and spoke of the elements as 
though they were opposing forces to be reckoned with, 
like the armies of his enemies. 

In May, 1812, Napoleon declared war upon the Rus- 
sians. He left Dresden with an army of 650,000 men and, 
as in all his campaigns, scored quick victories immedi- 
ately. 

But the losses were heavy during the march. Once 
upon Russian soil, the troops were enveloped by stifling 
heat. The recruits from the cool northern plains of West- 
ern Europe had never seen such a summer. They suffered 
heat prostration by the hundreds. The army moved slug- 
gishly, mile after mile through the Russian country, un- 
able to catch the elusive foe. On August 16, Napoleon ar- 
rived in Smolensk, A long, hot month later he entered 
Moscow victoriously, but the troops were tired, lethargic. 
There was none of the elation of former conquests. In- 
stead, the men were uneasy. 

The Russians were different from their earlier ene- 
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mies. As they retreated, they destroyed the farms and the 
cities they left behind, taking all the available food sup- 
plies with them. Also, and this was to become important 
later, cities were burned to the ground. Neither houses nor 
shelter were left standing. Napoleon entered Moscow on 
the fifteenth of September, 1812. Before the first flush of 
victory had faded from the troops, they were beset by 
troubles. Either by chance or design, a fire was started by 
the retreating Russians which burned for five days, de- 
stroying so much of the city that the French troops were 
forced to live in the desolate surrounding countryside. 

The Russian Czar fled to St. Petersburg in despair. 
But he was counseled to wait and see what Napoleon 
would do before signing an armistice. Could Napoleon fol- 
low to St. Petersburg, crushing all before him? With the 
fierce Russian winter rapidly approaching, his troops 
trembled with fear at the very thought. Could he stay in 
Moscow and wait for the spring to continue the cam- 
paign? Not without food and shelter for his men, 

For about six weeks Napoleon did nothing except sit 
in Moscow and fret, eyeing the signs of advancing autumn 
with anxiety. Finally, there was nothing left to do but to 
retreat. The French Army was accustomed to living off 
the countries they conquered. But the path of retreat lay 
along the desolate roads they traveled with such high 
hopes only a few months before. 

Records show that the Russian winter of 1812 was 
unusually early and arrived with unprecedented cold. 
Cold, famine, and disease the age-old enemies of the sol- 
dierquickly took over the army. When the once-proud 
corps again reached Smolensk, they were only 40,000 
strong,Battered by gales, shivering and demoralized, with 
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frostbitten limbs, they stumbled onward, leaving bloody 
footprints in the snow. The bridges had been destroyed 
and the soldiers were forced to swim the ice-flecked rivers. 
During the month of December over 10,000 horses died 
each week. 

Before they reached French soil, only 25,000 men re- 
mained and many of these would never fight again. It was 
Napoleon's first defeat, and it clearly resulted at the hands 
of General Weather, since only a small fraction of the cas- 
ualties were due to enemy action. Napoleon never forgot 
that terrible winter, because his star fell further with each 
gust of the cold Russian wind. The strength of the army 
was broken and in April of 1813 he fled into exile on the 
island of Elba. 

Perhaps the memory of this defeat was still upon him 
at Waterloo a year and a half later. In this final and most 
dramatic battle of his career, he was again defeated, 
mainly by weather. 

After his return from Elba, Napoleon immediately 
had to prepare for battles with the armies of other West- 
ern European countries which invaded the French fron- 
tier. He decided to divide the armies aligned against him, 
and the showdown began in the month of June, 1815. 

On the sixteenth, Napoleon defeated the Prussians 
under General Blucher at Ligny; on the seventeenth his 
army marched toward the town of Waterloo where the 
British troops under command of the Duke of Wellington 
were waiting. 

During the month of June, Europe is often clouded 
by damp seasonal fronts which leave the heavy loam soil 
of northeastern France and Belgium soaked with rain. 
The days preceding the Battle of Waterloo had produced 
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just such a weather condition, and Napoleon fought and 
marched through heavy rain. 

On the night of the seventeenth he tested the ground 
of the battlefield and decided to delay the attack until the 
earth dried sufficiently to allow a firm foundation for his 
heavy guns. The nearby presence of the Prussians at Ligny 
was a nagging worry, but he did not believe they could 
have reorganized their forces in time to be of any assist- 
ance to Wellington. 

The warm spring sun rose on the morning of June 18 
about 4 : 00 A.M., but Napoleon waited until noon before 
joining battle, because of the soft mud. At six o'clock in 
the afternoon he was on the verge of victory. But some- 
time before, the advance guard of the Prussians came over 
the crested hills; and shortly after six, the forces which he 
had defeated only two days before had joined the British. 
In another two hours Napoleon's army was defeated and 
his power broken forever. The rest of his life was spent on 
the island of Helena where he often speculated on the 
fateful rain which prevented his early attack and pro- 
duced his final defeat. 

Early in the war year of 1943 the Japanese had be- 
gun to suffer severe setbacks among the steaming islands 
of the South Pacific. The Allies had been able to establish 
many air bases in the jungle, and planes from these bases 
were exacting a heavy toll from the troops and ships of the 
Imperial Japanese Military. 

One such base had been established at Wau, 140 
miles from Port Moresby on New Guinea Island. Planes 
from this Australian base were a continuous and deadly 
threat to the Japanese troops on New Britain and to the 
ships which supplied them. 
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As a result, the Japanese High Command decided to 
reinforce the garrison at Lae only forty miles away so that 
an assault could be made upon this airfield. Seven thou- 
sand soldiers were to be brought down from Rabaul, 350 
miles to the northeast, to perform the job. Plans were laid 
carefully. The ships were loaded so that equipment could 
be removed from them quickly. Air support was to be sup- 
plied from the most convenient bases; however, it was re- 
alized that such protection would be limited, because 
much of the water traversed would be a considerable dis- 
tance from operating airfields. 

Even the weather was considered. Observation planes 
found a front just off New Guinea, and this was tracked 
carefully with the idea that it would provide excellent 
cover for the plodding ships. Thus the stage was set for the 
Battle of Bismarck Sea, which was to have a considerably 
different outcome than originally anticipated, mainly be- 
cause of unexpected and unpredictable changes in the 
weather. 

Under the command of Admiral Kimura, the con- 
voy set sail long before dawn on the first of March. The 
force consisted of eight transports and seven destroyers. 
The ship commanders were optimistic as they steamed out 
of the harbor at Rabaul. The sky was filled with low, tur- 
bulent clouds hanging over thick rain. Under such condi- 
tions it was very unlikely that the convoy would be spotted 
by Allied aircraft; the weather would make co-ordinated 
air attacks next to impossible. Everyone knew that airmen 
the world over had a healthy respect for the storm clouds 
of the equatorial front, because they are filled with hail, 
violent turbulence, and severe lightning. 

All through the first of March the ships nosed 
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through the water placidly. But late in the afternoon, the 
equatorial front perversely shifted northward out of the 
line of the intended track of the convoy. The rain stopped 
and the ceiling lifted; the color of the clouds lightened 
from their former dirty grey, and there was unmistakable 
evidence of a definite diinning in the overcast. The Japa- 
nese officers began to scream at the lookouts, nervously en- 
joining them to search the skies carefully. Their uneasiness 
increased when just before sunset the convoy sighted a 
lone B-24 under the stratus clouds. 

Spirits fell as the weather improved. The morning of 
March 2 dawned with hardly a cloud in the sky. By 10 
o'clock the convoy was attacked by planes which sank one 
transport and damaged two others. The next day was far 
worse for the enemy. By this time the convoy gleamed 
nakedly under the tropical sun, visible for over twenty-five 
miles. The planes of the United States Army Air Force 
and the Royal Australian Air Force came out in full 
strength. When they had finished their work of destruc- 
tion, only four destroyers of the original fifteen ships re- 
mained undamaged. During the night the U. S. Navy's 
torpedo boats completed the destruction, so that by morn- 
ing all the damaged ships were sunk. 

During World War II there were many such exam- 
ples of battles won and lost by the weather. While it can 
be argued that the dements show no partiality and that 
the effect on both sides should balance out, this is not al- 
together true. Generally speaking, invading troops are at 
some disadvantage, as was shown during the campaigns of 
Napoleon. This is because invading armies are not accus- 
tomed to the climate of a strange nation, nor do their lead- 
ers usually have the foresight to equip them with the 
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clothing and tools necessary for operations under unfamil- 
iar weather conditions. 

However, in his constant search for perfection, mod- 
ern man is making strides to equip his soldiers and sailors 
to fight in any sort of weather. New experiments are con- 
stantly being made to determine the tools necessary for 
fighting men in all parts of the world. As the science of 
weather progresses, man may well learn to control the 
weather and use it to his advantage in both war and 
peace. At that distant time perhaps man will change 
weather instead of allowing it to alter the course of his 
plans as he does today. 

Along that historic stretch of beach which comprises 
the European side of the English Channel, there is no more 
sparsely populated and desolate sector than the sixty-mile 
reach between Caen on the east and the Normandy Penin- 
sula to the west. The tides are strong, and they have mold- 
ed long slopes of damp sand below the sea wall. The hard 
ground above is divided into pastures which are centuries 
old and separated by earth walls known as hedgerows. 
These are overgrown with thick tangled bushes and lined 
by drainage ditches which create perfect natural trenches. 

At first glance it would seem that there are many 
places along the coast which would provide a more logical 
point of entry for an amphibious assault. However, when 
the Allied generals began to pore over their maps in the 
fall of 1943, they studied this section carefully. It nestles 
almost baylike between the peninsula and the rocky pro- 
tuberances of the Pas de Calais area, and the smoothing 
effect of the Carentan Estuary eliminates much of the 
nasty chopping sea for which the English Channel is fa- 
mous. Also, the fact that the area is sheltered from the pre- 
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vailing westerly winds by the Normandy Peninsula did not 
escape the military planners. As a result of these consider- 
ations, it was decided to launch Operation OVERLORD 
between Caen and Carentan, and the first decision of the 
greatest military operation in modern times was made* 

The invasion of Europe was first scheduled to begin 
during the favorable period of the May moon in 1944. Ac- 
tually, due to the relationship between tides and morning 
twilight, the time of the initial assault was limited to six 
days of each month. Twice each day the beaches of Nor- 
mandy are flooded with a tremendous tide which rises 
nineteen feet from low to high water. Landing at low tide 
meant that our troops would lie on the half-mile of flat, 
sandy beach between the low water and the sea wall and 
be exposed to enemy fire. The ideal condition for landing 
thus seemed to be a dawn high tide, so that they could 
gain the protection of the bank as early as possible. This 
would prevent disasters like that of Tarawa in the Pacific 
campaign. 

However, the enemy had also appreciated this fact 
and had strung the approaches with mines, barbed wire 
and other obstacles located halfway between low and high 
tide. These obstructions had to be blasted away by the 
army demolition teams. Since the tide rose at a rate of one 
foot every fifteen minutes, and the engineers estimated it 
would take thirty minutes to clear the water, it was de- 
cided to launch the attack just as the rising tide reached 
the obstacle line. 

Allied weathermen soon dissuaded the generals from 
launching the attack in May. The statistics which had 
been gathered carefully over many years showed conclu- 
sively that May was a month of high-channel winds and 
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heavy rains. Summer often comes late in Northern Eu- 
rope, and spring is likely to be turbulent. In order to make 
the best use of landing craft and air coverage, good weath- 
er was necessary. Also, the Russian thaw normally begins 
in earnest about the middle of May; once the frozen 
steppes began to melt, it would be possible to launch an 
offensive on the eastern front which would fully occupy 
the German troops in that area, so that they could not be 
diverted to defeat the invasion attempt before it gained a 
foothold. 

It soon became apparent that the period from June 
5 to June 9 offered the most advantages. Just the right 
amount of daylight would be provided to allow the demo- 
lition teams to do their dangerous job in the filling tide 
after the beaches had been approached under cover of 
darkness. Accordingly, D Day was set as the fifth of June. 

Nothing was left to chance. More than a million men 
were stationed in England, training for the amphibious as- 
sault, and many operation orders were written totaling 
millions of words. Several of these contained more words 
than Forever Amber, the best-selling historical novel at 
that time. The weather observers attached to General 
Eisenhower's staff worked at top speed. They compared 
the current weather conditions all over the globe with 
those of past years, seeking to establish the trend from sim- 
ilar weather patterns. As D Day approached, they became 
increasingly optimistic. The snows were melting normally 
from the lower mountains of Canada; the ice began to 
break in the northen rivers on schedule. Indications from 
all over the world pointed to a mild European spring. 

Then, almost as if to prove that man's best plans were 
still at the mercy of the elements, the weather turned bad. 
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A low-pressure area drifted slowly but inexorably from 
the west across Plymouth and Brest, bringing low-stratus 
clouds that spread thick billowing fingers over the inva- 
sion area. The channel waves swelled into turbulent, 
white-tufted crests. On the afternoon of Saturday, June 3, 
the weather report read as follows : "Mist from 4 to 7 June 
with low clouds and reduced visibility in the mornings. 
Rain. Winds not to exceed 20 to 25 miles per hour. Chop- 
py water in the channel with five-foot breakers. A four- 
foot surf on the beaches." 

The hopes of the invasion force fell. The troops al- 
ready briefed were excommunicated from the world on 
their invasion craft. Any delay meant that they must be 
kept aboard so there could be no possible leakage of this, 
the most closely guarded secret of the war. The operation 
was so large and complex that some ships were already on 
their way from the northern ports; many wheels had al- 
ready begun to turn in anticipation of the target date of 
June 5. But to proceed in foul weather would be an invi- 
tation to the worst disaster of the war. The beaches would 
be tricky on landing, air support for the troops would be 
impossible under the thick low clouds, and no spotting 
planes could be used to direct the fire of naval guns which 
were to knock out the heavy pillboxes and fortifications on 
the invasion coast. 

Thus General Eisenhower was faced with one of the 
most fateful decisions of all time. A mistake in judgment 
could produce incalculable disaster and prolong the war 
indefinitely. After studying the problem and conferring 
with his weathermen, two words flashed from the power- 
ful radio station at his command headquarters. These 
were HORNPIPE BOWSPRIT, and they meant that the 
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invasion was to be delayed one day. 

Slowly the tense hours passed. The weather held mo- 
notonously with drizzle falling softly from the thick gray 
clouds. Gusty twenty-five miles-per-hour winds whipped 
the channel seas. 

The weathermen on General Eisenhower's staff spent 
a sleepless night on the fourth of June. If the storm lasted 
for three more days, it would mean that the invasion could 
not be launched for two weeks, since it would be that long 
before there was another high tide at daybreak. If the 
weather was again unfavorable, there could be no invasion 
until July and the summer would then be almost half 
gone. History was full of grim reminders recording the 
disasters arising out of campaigns launched too near the 
approach of winter. The weathermen knew that few sup- 
plies could be landed on the beaches during the fall. This 
meant that it was imperative that a channel port be cap- 
tured before the first of September. 

Tensely the meteorologists studied the teletype ma- 
chines which brought them weather information gathered 
all around the world. Each new pressure was quickly plot- 
ted on their maps; each change in temperature and wind 
shift was watched eagerly for its effects on the weather 
equation. 

The troops turned in on the night of the fourth with 
full expectations that they would receive another post- 
ponement the next day. Indeed, the morning of June 5 
brought no clearing in the weather. The same grey stratus 
clouds were overhead, and through the jetties the waiting 
soldiers could see the whitecaps on the wind-tossed chan- 
nel breakers. 

But the weathermen had detected a possible break. 
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The evidence was tantalizingly meager but nevertheless 
unmistakable on the maps. After rechecking the figures, 
they came up with a forecast that was immediately sent to 
Eisenhower. "The weather will clear during the after- 
noon. The winds will lessen and the cloud ceiling will 
definitely rise over the invasion coast. This condition 
should hold through the morning of the 6th. After that 
the clouds will close in again and the winds will probably 



increase. 35 



General Eisenhower squinted at the stormy clouds 
outside his headquarters for a few long moments. Then, 
reluctantly, he made his decision. The kickoff for opera- 
tion OVERLORD was definitely set for dawn on the sixth 
of June. Long afterwards, Norman Hagen, one of the 
expert meteorologists present at the time, told General 
Eisenhower that his decision was the most courageous ever 
made in wartime having to do with the weather. 

The weather on D Day did not turn out to be exactly 
what the weathermen would have ordered. A flight of 
heavy bombers sent over to reduce fortifications in the 
beach area overshot their target by three miles due to low 
clouds, and their bombs exploded harmlessly in the hedge- 
rows beyond. Many a G.I. was seasick that morning as his 
landing craft tossed in the heavy swells off the beach. But 
the weather was good enough to permit the landing of 
the equivalent of 200 train loads of troops during the first 
day. Also, the high seas cluttered the radar screens and 
the poor visibility obscured the channel, so that the pas- 
sage of the invasion ships went undiscovered until their ar- 
rival off the beaches. 

In retrospect, General Eisenhower's decision became 
even more sound. On June 18, during the next high tide, 
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a vicious, unusually violent summer storm struck the in- 
vasion area which would have precluded all possibility of 
the landings. During this storm more landing craft were 
lost in the channel than on D Day itself. 

During April, 1945, a conference was held in the 
Pentagon. It was a small group as conferences go, but one 
of the most important of the war. Those present spent 
most of their time leaning over weather maps and listen- 
ing to the words of a white-haired old man from Norway 
who spoke broken English. The Norwegian was an expert 
on air masses, and the conference had been called to usher 
in a new era. These men had gathered together to decide 
when and where they would drop the first atomic bomb. 

They decided on three possible targets: Hiroshima, 
Kokura, and Nagasaki. The question of the time was a 
little more difficult. There were no bombs to waste, and 
once the plane left for the target there could be no turning 
back. The timing and the execution of the operation had 
to be letter-perfect; so did the weather. 

Finally, after an intensive study of his maps, charts, 
and statistics, the old man gave them his decision. There 
would be a period of three days beginning August 6 when 
the weather conditions over Japan would be just right for 
the drop. 

Those who were to drop the bomb went from the 
Pentagon to Tinian to prepare for the event. General Cur- 
tis LeMay, Commander of the Western Pacific Strategic 
Air Force, would make the final decision as to target and 
time. Every day after the first of August weather reports 
were gathered from China, Russia and the Philippines. 
At 1 o'clock each afternoon General LeMay received a 
complete briefing on the weather. At 1:30 he made his 
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daily decision on whether or not to send the bomb. 

For the first four days the decision was no. There was 
a weak but persistent summer cold front lying over the 
Japanese Islands. Finally on the afternoon of the fifth, the 
front looked as though it were moving out and General 
LeMay decided on the next morning. Long before the 
bomb-carrying B-29 arrived over the target area, the crew 
received reports from three weather planes, which had 
been sent out ahead of time to observe conditions at the 
three cities. The reports showed that Hiroshima had the 
best weather, and the decision on where to deliver the 
bomb was made then. 

On the morning of August 6 as the atom-bomb plane 
flew in, the air over Japan was partially filled with large 
tufted cumulus clouds; as chance would have it, there was 
a large hole in the clouds over Hiroshima. Minutes later 
this hole was filled by the famous mushrooming cloud of 
the bomb, and those in the plane were the first to realize 
that our world would never be quite the same again. Be- 
cause of the accuracy of modern weather forecasting, the 
bomb was delivered within fifteen seconds of the time 
planned six months before. 

Three days later a second bomb was dropped on 
Nagasaki. This time the weather was not so co-operative. 
The primary target was Kokura because the weather was 
best there. However, for some reason it was obscured by 
smoke. After three passes the bombing plane went on to 
Nagasaki where the weather was much worse. Ninety per 
cent of the bombing run had to be made by radar. But in 
the last moments die target could be seen beneath the 
clouds. 

During the fall of 1944 strange objects were reported 
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in the air over the northwestern United States by the in- 
habitants of that region. These were variously described 
as huge balls of fire about the size of the moon and as 
parachute-like devices floating dreamily over the Oregon 
and Washington hills. 

Military men and scientists listened to the stories with 
interest. There were many possibilities; meteors, weather- 
observation balloons, and the redoubtable flying saucers 
immediately came to mind. But one other idea was worth 
considering they might be the result of some unknown 
secret weapon unleashed by the Japanese. About the same 
time, the strategic bombing planes striking the Japanese 
cities reported another peculiar phenomenon. On the way 
to their targets, they encountered huge balloons rising to 
tremendous heights. 

Shortly after these strange occurrences, an unusually 
large number of fires began breaking out in the Pacific 
Northwest. Also, bits of rice paper were found on the 
streets of Los Angeles, and unexplainable explosions were 
heard near some of the West Coast towns and cities. 

A meeting of weathermen and other scientists ascer- 
tained the facts and came up with the right answer. The 
Japanese were launching huge balloons against us which 
contained explosives, incendiaries, and perhaps even 
germs. 

The idea of possible biological warfare was enough 
to galvanize even the most confirmed skeptics into action. 
Warnings were published to all civilians telling them not 
to touch strange objects. Teams were formed and sent out 
to capture some of these balloons so that they could be 
examined. Finally, several were captured intact. 

The principle of operation was amazingly simple. As 
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mentioned in an earlier chapter, the earth's rotation 
causes a basic west-to-east circulation of the atmosphere. 
Balloons launched in Japan were carried swiftly eastward 
at high altitude by the swiftly flowing air. Their altitude 
was stabilized at about 30,000 feet by means of an air- 
pressure device which released sand ballast when they be- 
gan to sink. 

By the time the balloons reached the coast of the 
United States, all the sand had been dropped in order to 
make up for the loss of hydrogen which leaked out slowly 
through the bag. Then they began dropping a more dead- 
ly cargo bombs and incendiaries. The Japanese had not 
gotten around to trying germs before the war ended. 

Since the gases which they contained were cooler and 
therefore more dense at night, the balloons became heav- 
ier relative to the atmosphere during the hours of dark- 
ness. It was then that they usually descended. 

By the time the war ended, it was estimated that 
nearly one thousand balloons had been dropped on this 
country. Some of them penetrated as far east as Detroit, 
wliile others flew north into Canada and Alaska. Without 
the comparatively recent knowledge of the general atmos- 
pheric flow pattern, this type of psychological warfare 
would never have been possible. 

Along with bringing us explosive laden balloons, the 
atmosphere is able to yield information of considerable 
importance about our neighbors to the west. This fact re- 
ceived considerable attention when President Truman an- 
nounced in October, 1951, that the Russians had exploded 
an atomic bomb. By far, the least dangerous method of 
obtaining information of Russian atomic activities is to 
analyze the contents of the wide current of atmosphere 
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which flows over our country from Asia. 

The process by which this is done has been described 
recently in several scientific publications. Two physicists, 
Norman Holter and W. R. Glasscock of Helena, Mon- 
tana, collected rain water from stratus clouds over the city 
and filtered it through cotton. During 1951 and 1952 they 
found that some of this filter cotton was contaminated with 
radioactive material. Tests indicated that the contaminat- 
ing substance was identical to the radioactive particles 
found in clouds produced by atomic explosions. They be- 
lieve that such clouds formed by Russian tests have been 
deflected over this country by the jet streams and the 
natural circulation of the atmosphere. Thus, we were able 
to announce the atomic explosion in Russia despite the 
blanket of secrecy imposed by the Iron Curtain. 

In the short span of recorded history, the effect of 
climate upon civilization has been of tremendous impor- 
tance. Other weather influences, undoubtedly even more 
vital, accompanied the dawn of this world. It is safe to 
predict that the future will produce many more changes 
based cm the ever changing climate. Although man has 
learned to use many of the elements on his earth, he must 
still open many doors and discover many hidden natural 
laws before he will be able to control the weather of his 
globe. 



CHAPTER 



II 



The Electric Blanket 

"Aurora had but newly chased the night, 
And purpled o'er the sky \vith blushing light." 

Dryden 

Beyond the grasp of our senses lies another world, 
hidden from our gaze and intangible to our touch, but 
nonetheless real. This is the world of electricity. It is like 
the movement of time and the deep currents of the sea, un- 
seen and unheard. Yet we can measure the electrical ele- 
ments and we know the laws of its timeless flow. 

We also have come to realize that the incredible at- 
mosphere is more than a sea of gases, more than a pattern 
of wind and storm. In every layer of our atmospheric blan- 
ket, electrical currents weave their intricate tapestry so 
that the envelope of air has become a gigantic electric 
field and a storehouse of power far beyond the total ca- 
pacity of all the world's dams. 
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The full significance of this amazing property of our 
atmosphere has been realized only during the last few 
years. But men have always been awed by the brilliant 
lightning patterns of the vertical storm clouds and the 
spectacular dances performed by the northern lights. In 
much the same fashion, the auroras and the eerie glow of 
St. Elmo's fire puzzled them for many ages. But it re- 
mained for the development of radio and radar to provide 
the first basic clues which led to an understanding of the 
electrical atmosphere. 

At first, man thought he had created electricity. But 
further investigation has forced him to accept a much 
more humble role. He merely discovered it, and rather be- 
latedly too, since he had been face-to-face with all the evi- 
dence from the beginning of time. But once he became 
aware of the electronic world, he probed diligently at its 
secrets and learned to harness the electrical elements to do 
his bidding. In the process he uncovered many mysteries 
of the sea of air which had puzzled him through the long 
unenlightened centuries. 

To understand the relationship between atmosphere 
and electricity, it is helpful to visualize the earth and its 
surrounding gases as a gigantic dynamo of vast circumfer- 
ence and intricate design. The upper atmosphere can be 
regarded as the rotor or whirling envelope, while the earth 
provides the magnetic field. As in our conventional gen- 
erator, it is the interaction of the one upon the other 
which causes the electrical flow. 

Dr. Sydney Chapman of the University of Iowa has 
developed a theory which explains many of the unknown 
elements in the vast electrical field around the earth. He 
believes that the great storms on the sun which we see as 
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sunspots emit large quantities of electrified matter. This is 
mainly in the form of ionized hydrogen hydrogen atoms 
which have lost some of their electrons. These hydrogen 
ions and an approximately equal number of negatively 
charged electrons are captured by the earth's magnetic 
field and whirled like tiny moons in an electrified ring 
about six thousand to eleven thousand miles above our 
sphere. 

The positive ions are much heavier than the elec- 
trons, and for this reason they must travel faster in their 
orbits around the earth. The great space ring thus be- 
comes a powerful current of positive electricity flowing 
around the earth. Periodically, the ring dips downward 
and curves into the lower atmosphere to cause many 
strange and weird electrical phenomena. 

Dr. Chapman's theory is interesting not only because 
it explains the creation of the aurora but also because it 
may clarify another electrical enigma. It has been known 
for some time that mysterious measurable electrical cur- 
rents flow in the earth's crust, similar to those which exist 
at high altitude. We now believe that this current is in- 
duced by a flow of electricity in the air-borne electrical 
ring. Dr. Chapman's electrified ring makes it appear as 
though nature has preceded man in another of his most 
prized inventionsthe electric motor. 

The bombardment of the earth by solar radiation is 
responsible for one of the great layers of the atmosphere 
the ionosphere. Located directly above the blanket of 
ozone, about one hundred miles above our heads, this re- 
gion is characterized by the presence of many diverse elec- 
trical currents which are created when the ultraviolet ra- 
diation from the sun is absorbed by the earth's rarefied 
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gases. The ionosphere is not uniform throughout but con- 
tains several concentrated electrical layers which have 
been designated by the letters of the alphabet. Each layer 
is caused when the atoms of a specific gas become ionized. 
The D layer, for example, consists mainly of ionized mo- 
lecular oxygen. These great electrical circuits of the at- 
mosphere were first predicted by the English scientist, 
Oliver Heaviside, and are now called Heaviside layers. 

The D layer is particularly opaque to low-frequency 
radio waves. Like a giant, hollow mirror, it reflects radio 
transmissions back from the upper atmosphere to receiv- 
ing stations on the earth thousands of miles away from the 
transmitter. If it were not for the D layer, radio transmis- 
sion would not be effective over a few hundred miles. 

Sometimes, however, the D layer cannot be trusted to 
relay our radio signals. During periods when there is in- 
tense sunspot activity, the D layer becomes very intense. 
For reasons which are not entirely clear, it then acts as a 
trap to absorb the radio waves it formerly reflected. At 
such times, radio fade-outs plague us and service may be 
totally disrupted. A more common annoyance is the fad- 
ing caused by momentary shifts in the position of the elec- 
tronic mirror. These cause erratic radio reception. At 
night the bombardment of the sun is deflected from the D 
layer by the earth, causing a reduction in its strength. Less 
transmitted energy is absorbed and the mirrors work their 
best for us. Long-wave transmissions are excellent in the 
earth's shadow. 

The most spectacular and dangerous electrical phe- 
nomenon created in our atmosphere is lightning. The 
mighty flash and reverberating sound of the electrical dis- 
charge have struck fear in the hearts of men throughout 
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the ages. Generally, lightning is born in cumulus clouds 
which are characterized by their high vertical development 
and relatively small surface area. A mature thunderstorm 
cloud may extend upward from a lower level of two thou- 
sand feet to twenty-five thousand feet. It will contain over 
one million tons of water vapor and almost a million volts 
of potential electrical energy. One bolt of lightning from 
such a cloud may discharge electrical power in the amount 
of fifty-thousand kilowatt hours. This is enough electricity 
to light the city of Jacksonville, Florida, for three hours. 

Lightning almost invariably accompanies a torrential 
downpour of rain. The falling droplets are mixed by the 
turbulent air and rubbed against each other until many of 
them are broken up into water vapor. This rubbing causes 
an effect similar to that produced when a comb is drawn 
across the back of a cat. A charge of static electricity is 
produced. The smaller particles of water vapor become 
negatively charged and are carried skyward by the upward 
rush of air within a thunderstorm. The larger, positively 
charged droplets remain in the lower regions of the at- 
mosphere or fall to the ground as rain. The steady accu- 
mulation of negatively charged particles in the upper at- 
mosphere and positively charged droplets at the surface 
cause a large electrical potential or difference in charge. 

When the electrical potential becomes strong enough, 
it suddenly discharges its energy by means of a bolt of 
lightning. The brilliant stroke of static electricity may 
traverse six miles from sky to earth, or from cloud to 
cloud, in a fraction of a second. The thunderclap caused 
by the rapid expansion of air may be heard for fifteen or 
twenty miles. 

For centuries the lightning bolt was man's main con- 
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tact with the static electrical fields in the atmosphere. 
Then we learned to fly. Early pilots were terrified when 
they first observed an eerie bluish light or corona flick- 
ering around their propellers as they flew through areas 
of rain or snowfall. With the advent of metal aircraft, 
this phenomenon became more common. It is called 
St. Elmo's fire and has been identified as a "junior part- 
ner" of lightning. As rain or snow strike the metal parts of 
the airplane, they carry away some of the surface elec- 
trons. When the aircraft passes through suitably charged 
clouds, it discharges its unwelcome electrical passengers in 
the form of minute electrical charges or St. Elmo's fire. 

This static electrical life exists only in the lower re- 
gions of the atmosphere near the surface and within the 
weather zone. The currents in the upper layers are in- 
finitely stronger and more diverse; as yet we have been 
unable to measure them. For the most part, they are in- 
visible, but occasionally we receive a manifestation of 
them in the form of the aurora borealis^ a spectacle which 
has thrilled and fascinated man since the beginning of 
time. 

The aurora borealis owes its name to the Greek god- 
dess of dawn, Aurora, who was purported to rise over the 
sea, drawn by the celestial horses, Lampus and Phaethon, 
and who raised the curtain of night with fire-draped arms. 
The early Latin poets described her as the wife of Titan, 
the sun god, and said that she preceded him in his endless 
race around the world, strewing rosy flowers in his path. 

The thin, ghostlike streamers of the aurora borealis 
streak across the heavens during spring and fall evenings, 
causing man to lift his eyes skyward in awe. Of all die 
spectacles in the atmospheric bag of fireworks, none has a 
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greater variety of color and form. Often the auroras un- 
furl in dazzling sheets of light similar to the lower edge of 
a wind-blown flag. Sometimes they hang almost still in the 
night; often they spread upward in pulsing, brilliant col- 
ors radiating in an arc which fills half the sky* Occasional- 
ly they appear as though huge, dancing searchlight beams 
have been trained on the heavens. Generally, they occur 
in the upper middle latitudes near both Poles; for this 
reason they are called Northern Lights. 

The auroral colors range the spectrum. The stronger 
lights are most often an odd shade between yellow and 
green. Red, gray, violet, and blue shades may be seen 
sometimes, and the curtain or flag-type of auroral display 
will often appear as pale chartreuse, fading from a brilliant 
red along its lower border. The auroral light seems to be 
similar to that appearing in the conventional neon tube. 
The colors coincide with those produced by the electrifi- 
cation of certain ionized gases such as atomic oxygen and 
nitrogen, which are known to exist in the upper atmos- 
phere. Electrification of oxygen produces yellow, red, and 
green; nitrogen glows orange, blue-green, blue-violet, and 
a deep, violet-gray shade. The operation of a conventional 
neon tube requires a heavy charge of electricity to pass 
through a dense concentration of such gases. Just how this 
process occurs at heights of six hundred miles above the 
earth's surface is a puzzling mystery, but it is known to be 
intimately related to the sky-earth dynamo discussed 
earlier. 

The creating impulse for the auroras appears to be 
the sun. Clues suggesting this were first noticed when sci- 
entists found there was a distinct relationship between the 
appearance of the auroras and the seasons. The greatest 
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numbers of auroral banners are seen at the start of the 
spring and autumn; the fewest when winter and summer 
begin. Astronomers then found that the auroral displays 
rise from their lowest ebb to their greatest frequency in 
about twenty-six daysa figure matched almost exactly by 
the rotational period of the sun. The evidence is being 
gathered gradually; so far, it indicates that the auroras are 
related to the sun and more particularly to the great solar 
storms we call sunspots. 

The solar rays which create our weather and warm 
our planet are also the source of the mysterious electrical 
patterns that race through our sea of air. The great earth- 
and-atmosphere generator receives its impulses from the 
same energy machine. When the stars appear on some clear 
future evening, a scientist may throw the switch which 
will draw current from this gigantic dynamo to light the 
world. If this day should come, man will have tapped the 
endless cosmic resources outside his sphere. He will no 
longer need to fret over the depletion of the natural riches 
and the fuel on this globe, and the forces which bind our 
whirling universe will provide the energy to sustain him 
for as long as his world shall exist. 



CHAPTER 
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Aerial Treasure House 



"I would I were alive again 
To kiss the fingers of the rain, 
To drink into my eyes the shine 
Of every slanting silver line." 
Edna St. Vincent Millay 



The ancient physicians believed that living things 
contained a magic elixir which vitally charged their bod- 
ies with the mysterious breath of life. But careful analy- 
sis of living cells has convinced latter-day scientists that 
there is no chemical with such remarkable properties. As 
a matter of fact, they are now convinced that the cells of 
plants, animals, and human beings are formed of the pro- 
saic, abundant chemical elements those most plentifully 
found in the atmosphere. 

If all the constituents of the air around us are broken 
down into their component elements, we would find they 
bear a remarkable relationship to the chemistry of living 
things. The atmosphere contains nitrogen, oxygen, car- 
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bon, and hydrogen in either combined or uncombined 
form. Analysis of lif e-substances shows that the great ma- 
jority of living cells are also made up of these four atoms. 
Carbohydrates and fats consist almost solely of carbon, 
hydrogen and oxygen; proteins are built of these three 
plus nitrogen. While it is true that other substances are 
found in living cells, the four main atmospheric elements 
are by far the most abundant. 

Scientists know that the atmosphere has gone 
through many stages of evolutionary development and 
change. During the formative stages of the first living 
cells, its composition is believed to have been methane, 
ammonia, water, and hydrogen. Basically, the elements 
which compose these gases remain in our atmosphere to- 
day; the present elements, carbon, oxygen, and nitrogen, 
were then merely combined into different molecules. The 
changes and mutations in the atmosphere have been 
caused by the development of life, the temperature varia- 
tions in the earth's crust, and the natural decomposition 
of the original gases through the ages. The first minute 
supply of oxygen probably came as a result of lightning 
discharges in the early thunderstorms, which decomposed 
the vitriolic atmosphere and released free oxygen to com- 
bine with other elements. 

The first traces of oxygen led to the development of 
early plants such as the green transulcent algae, Cory- 
cia, which quickly covered the embryo seas. These algae 
in turn manufactured more oxygen from the carbon di- 
oxide in the air, and more complex plants gradually 
evolved through the long dark centuries. Shortly, as time 
is measured in the growth of planets, the oxygen-consum- 
ing creatures began to appear and the carbon-dioxide 
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oxygen cycle was born. 

The carbon-dioxideoxygen cycle is the precise, 
never-failing process by which the plants, the animals and 
the atmosphere maintain a mutual partnership for self- 
support. Oxygen from the air is inhaled by all members 
of the animal kingdom, and carbon dioxide is exhaled. 
The reverse is true of plants. This is a simple but vital 
cycle which revitalizes the atmosphere for both plants and 
animals. Interrupt the cycle or change its balance, and life 
on earth as we know it would soon die. 

The dwellers of the sea are not exempt from this gi- 
gantic chemical Ferris wheel. The great oceans of the 
earth absorb both oxygen and carbon dioxide in large 
quantities; the teeming life within them feasts on these 
products. The oceans have captured carbon dioxide in 
such quantities that they now hold fifty times as much as 
the atmosphere. 




, THE OXYGEN CARBON DIOXIDE CYCLE 

The conversion of carbon dioxide into carbon and 
oxygen is not difficult by chemical standards; any skilled 
chemist can perform such a transformation with ease. The 
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creation of carbon dioxide is even more simple. It is one of 
the products of combustion, and one need only start a fire 
to manufacture huge quantities of the element. 

Despite the simplicity of these experiments in the lab- 
oratory, man has not been able to discover how living 
creatures can accomplish them within their own bodies. 
In a rather startling departure from her usual methods, 
nature has chosen much more difficult processes to ac- 
complish the same work. It is known that two extremely 
complex molecules are intimately tied into the cycle 
chlorophyll and hemoglobin. 

Chlorophyll is the protein which causes the green hue 
that spreads across our lawns in the spring as the plants 
begin to grow. It extracts the carbon dioxide from the air 
and, with the aid of solar radiation and moisture, trans- 
forms this gas into stringy cellulose or plant fiber. Oxygen 
is released in the process, and this unique action is called 
photosynthesis. We understand what goes in and what 
comes out; we know the in-between products. But al- 
though the operation goes on about us every day, we know 
practically nothing of how it is accomplished. 

The oxygen rejected by the chlorophyll molecules is 
breathed into the lungs of animals, and hemoglobin takes 
over. This element, found in the blood of almost all ani- 
mals, transports the oxygen to the capillary veins in the 
muscles where it can be burned along with carbon in the 
energy-making process. Hemoglobin then picks up the 
carbon dioxide which results from this burning and re- 
turns it to the lungs where it is breathed outward as waste 
gas. Again, we understand the results of the process, but 
we do not know how it is done. Hemoglobin appears to 
act in much the same manner as our dairyman who brings 
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us milk every morning and takes away our empty bottles. 

Another unusual factor in this amazing life-cycle is 
that the hemoglobin in the blood and the chlorophyll in 
the plants are very similar in their chemical structure. 
Both are complex proteins having a molecule of metal 
tied to their centers. Chlorophyll contains the element 
magnesium, while hemoglobin has iron in its nucleus. 

Nature apparently knows a good molecule when she 
sees one. Chemical structures similar to hemoglobin and 
chlorophyll are found in many creatures of the sea, such as 
the king crab and the octopus. These have like proteins 
flowing in their vital fluids with a molecule of copper act- 
ing as their key to existence. 

As oxygen and carbon dioxide are replenished in the 
air, nitrogen must be added continuously to maintain the 
tight balance of atmospheric elements. For this reason, 
nature has provided our world with a nitrogen cycle to re- 
place the gas which is lost to plants, animals, and (by the 
process of absorption) the earth's crust. 

Some types of soil bacteria take nitrogen directly 
from the air and convert it into many useful compounds 
used as food by plants and animals. During electrical 
storms nitrogen and oxygen are often combined into nitric 
or nitrous acid by electrical discharge. Certain plants 
known as legumes, such as clover, absorb nitrogen directly 
from the air. This nitrogen is ultimately transferred to the 
earth by the bacteria which feed on the plants and by the 
decay of the legumes. 

Nitrogen is returned to the atmosphere in the form 
of ammonia from the excretions of animals. The decaying 
process of many plants releases free nitrogen and nitrous 
oxide which become pure nitrogen and oxygen. 




THE NITROGEN CYCLE 



Yet another great chemical cycle wheels along on its 
endless route over our heads. This is the unique blending 
of hydrogen and oxygen which we call water. Unlike its 
partners in the cycle, carbon dioxide and nitrogen, water 
can be seen and tasted. It is so closely tied to the human 
environment that man immediately becomes conscious of 
its lack. It is the lubricant which greases the efficient ma- 
chinery of the life-processes on our earth* If its distribu- 
tion were interrupted, the mechanism would grind to a 
sudden disastrous halt ; once deprived of the solvent pow- 
er of water and its ability to transfer food and heat, 
neither plants nor animals could live on this globe. Even 
if only the water vapor were to be suddenly swept from 
our atmosphere, we could not exist, for this would allow 
the precious trapped heat from the sun to escape and 
our planet would be chilled to sub-polar cold. 

With all the evidence before him, man failed to un- 
derstand until recent centuries the wheel of water rotat- 
ing from earth to sky and back again. This was not 
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through lack of study, because the source of water in the 
rivers and lakes puzzled men in ancient times. Aristotle be- 
lieved that rainfall, together with water emerging from 
the deep bowels of the earth, united to form the rivers. 
Plato thought that ocean water flowed through subter- 
ranean channels underneath the continents to bubble 
forth as springs which replenished the rivers. Centuries 
later Kepler and Descartes subscribed to a modified form 
of Plato's theory. It remained for the genius of Leonardo 
da Vinci to suggest that river water was caused by the 
runoff of rainfall over the earth. Two centuries later three 
French scientists proved conclusively that the return of 
water to the land masses was the result of the water-carry- 
ing capacity of the atmosphere. 

Today we understand the functioning of the hydro- 
logical cycle better than any other. Millions of tons of 
moisture are siphoned into the atmosphere each day by 
the process of evaporation. The giant air masses carry this 
water over the land and deposit it as rainfall which seeps 
through the earth, forming the rivers which flow back 
once more to the oceans. The evaporation process aerates 
and purifies the precious water so that living things can 
use it. About three parts in a thousand of the total water 
on the earth are continually involved in this moisture 
transfer enough to blanket the United States under a 
seven-foot layer. Yet its burden is carried effortlessly by 
the mothering atmosphere. 

The three great chemical cycles of carbon oxygen, 
nitrogen, and water have created the symbiotic partner- 
ship by which mankind and the other life-forms live with 
the atmosphere. As individuals we scarcely perceive this 
partnership. The hemoglobin in our lungs functions auto- 
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matically to refresh the atmosphere, and our food habits 
regularly supply us with the chemicals and energy to sus- 
tain life. 

Only by the vigorous exercise of our conscious senses 
are we acutely aware of environment. The atmosphere is 
mainly significant to us because of the climate it creates, 
and rarely do we like that climate : it is either too hot or 
too cold, too wet or too dry. But despite our complaints, 
we are superbly adjusted to the average climatic condi- 
tions of our world. It is only the extreme variations which 
really hurt us. 

The average air temperature on the earth's surface 
illustrates this remarkable adjustment. Weathermen have 
calculated with considerable accuracy the average mean 
temperature for the entire world; this works out to be 64 
degrees. Independently, medical scientists have estimated 
the temperature which appears to be best for health and 
work. The ideal temperature for the human organism 
turns out to be exactly the same 64 degrees. 

Thus, in a temperature sense, man resembles a per- 
fectly designed machine. He operates with best efficiency 
at the condition most likely to be encountered in his en- 
vironment, but he is still able to accommodate the varia- 
tions which he is apt to encounter. In order to do this, he 
is equipped with a built-in air-conditioning unit, which 
under normal conditions maintains a constant body heat 
of 98.6 degrees, regardless of the outside air temperature. 

His temperature is controlled by a small organ at the 
base of his brain which is called the hypothalamus. It is 
the thermostat which turns up his furnace in the winter 
cold and starts his cooling mechanism during the summer. 
By means of an exquisitely delicate and complicated nerv- 
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ous system, temperature readings are taken from the 
blood, skin, and liver. These are relayed to the hypothala- 
mus. When variations in body temperature occur, the 
thermostat sets into motion the correction processes of the 
human air-conditioning system. 

The internal mechanism of the body provides several 
methods of adjustment for heat and cold. When the out- 
side air temperature goes up, the hypothalamus directs the 
surface blood vessels to dilate. More blood is shunted to 
the skin where it is cooled. In this case the skin acts like 
the radiator of an automobile, and the blood vessels be- 
come the cooling jacket of water. As the veins and ar- 
teries expand, the body manufactures more blood; for this 
reason, we actually contain more blood in summer than 
we do in winter. Additional body heat can be dissipated 
into the atmosphere by the evaporation of perspiration, 
which is a cooling process. This evaporation is retarded if 
the atmosphere already has a high moisture content, and 
explains why we are so uncomfortable on muggy days 
when the humidity may be higher than the air tempera- 
ture. 

The opposite effect occurs when the weather gets 
colder. Blood vessels constrict, and the blood supply grows 
less. Our skin glands dry up, and instead of perspiring, we 
shiver. This shivering, like any other body exercise, re- 
leases energy stored in our body fat and thus helps to 
maintain our precious body heat. 

Both the heating and cooling processes of the body 
require the expenditure of considerable physical effort; it 
is not surprising, therefore, that we catch cold easily in the 
fall and spring. During these seasons the human air-condi- 
tioning unit is overworked by the changing climate. Under 
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a really hot summer sky, the body must work hard to 
maintain its normal temperature. This explains why we 
are lazy and feel distress : it takes all our energy to avoid 
becoming overheated. 

When the body is invaded by destructive bacteria, the 
function of the hypothalamus alters in some manner still 
unknown to us. Our bodies no longer react to temperature 
changes in the normal way, and we begin to run a fever. 
The extra heat developed is usefully employed in combat- 
ing the microbes and serves to warn us that we are sick. 
Occasionally, even in the absence of illness, the body ther- 
mostat itself fails to perform properly and we become very 
uncomfortable. On a hot summer day, when we should be 
damp with perspiration, our skin remains dry. When this 
happens, we have no energy and our hearts pound in the 
effort to maintain body temperature by the circulation 
process alone. We develop a fever as though we have been 
subject to bacterial invasion, and we become sick. 

The efficiency of the human air-conditioning equip- 
ment is far superior to any man-made device. Dr. Craig 
Taylor of the University of California once conducted a 
series of experiments to determine the ability of the hu- 
man body to withstand heat. He constructed an oven large 
enough to hold his body, and then literally cooked himself 
in it. After a little practice he was able to withstand a tem- 
perature of 250 degrees for almost fifteen minutes. Perhaps 
this experiment helps to demonstrate why man, though 
physically puny, has achieved world domination over 
much stronger but less adaptable beings. 

When man, who is designed to live healthfully at 64 
degrees, is subjected to different climates, his well-being is 
affected in many subtle ways. During recent years scien- 
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tists have made studies to determine the most healthful 
areas of the world. This research has brought forth some 
very interesting and occasionally puzzling facts. Cancer, 
diabetes, and heart disease terrible killers in the Tem- 
perate Zonesare quite rare in the tropics. Conversely, in- 
fections such as blood poisoning and respiratory fevers 
flourish in the southland. It appears that continuous hot 
weather reduces the energy level of the human body to an 
extent where it is difficult to ward off bacterial invasion. 
This same low energy level, however, apparently guards 
against so-called degenerative diseases such as cancer. 

Aside from physical health, man's emotional outlook 
is keyed to his local climatic conditions. Perhaps we can 
best understand how dependent we are on climate for our 
well-being when we realize that even our laws have been 
influenced by it. In Italy, for example, crimes of passion 
and violence are not punished as severely during those 
months when the fierce, hot sirocco winds blow in from 
the deserts of North Africa. Whole towns are said to have 
become sirocco-crazed, their people driven temporarily in- 
sane by these maddening winds. In Spain there is a prov- 
erb : "Ask no favors during the Solano" The Solano sea- 
son is a period of strong, hot winds which shortens tempers 
and creates aggressiveness because the body's physical tol- 
erance has already been exceeded. In New York City the 
temperature curve has been compared with that denoting 
the frequency of crimes. The two curves have been found 
to be almost identical. As the temperature goes up, so does 
crime. However, when it gets very hot over 100 degrees- 
there are few cases of assault and battery. Apparently, no 
one has the energy to fight. 

Climate shows its effect on humans in the most sur- 
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prising ways. Of the persons Ested in Who's Who in 
America, more have birthdays in January and February 
than during any other months of the year. The majority 
born in these months far exceeds the number which could 
be laid to chance alone. Professor Ellsworth Huntington 
of Yale has studied the effect of birthdates on longevity 
and has discovered that, on the average, people born in 
March live almost four years longer than those born in 
July. They are also stronger, hardier, and more intelligent. 
Teachers have long known that students achieve their 
lowest grades and do their poorest work while attending 
summer school; conversely, they do their best work in the 
spring and fall. Statistics prove that more persons taking 
civil-service examinations pass in March and April than 
at any other time- 
Human beings are not the only ones who do well 
when the climate is cool and invigorating: animals react 
in the same manner. Dr. Clarence Mills conducted some 
experiments with rats which demonstrated this conclusive- 
ly. Three groups of rats were given the problem of finding 
the right passageway through a maze in order to get a 
piece of cheese. The temperature of the room in which the 
rats were placed differed with each group. The first group 
of rats worked their way through the maze in an average 
of twelve attempts when the room temperature was 65 de- 
grees. The second group required twenty-eight tries when 
the temperature was raised to 75 degrees. Working at 90 
degrees, the rats in a third group took forty-eight runs 
each, and some gave up altogether. It was too hot even to 
go after a piece of cheese. 

In support of his theory of the effect of climate upon 
men and animals, Dr. Mills found that beef cattle in Iowa 
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reached a weight of one thousand pounds within twelve 
months after birth. Steers raised in Louisiana take three 
years to gain the same weight; those in Panama require 
five. 

Despite the wide variety of weather conditions exist- 
ing on our globe, all of us have a basic physical construc- 
tion, and the particular climate in which we live does not 
cause any major differences in the development of our 
bodies. However, there is one striking exception: a mining 
town by the name of Cerro de Pasco, located in Peru. In 
most respects, it is much like any other dusty little village 
the world over; it differs in that it is located at an altitude 
of 14,385 feet above sea level. 

The people who visit this little town from the lower 
levels find themselves in a tricky, unnatural environment. 
They are weak and dizzy after walking a few steps, and 
their tortured chests heave in the attempt to get enough 
oxygen for their famished lungs; the slightest exertion 
makes them see spots before their eyes. They are also sub- 
ject to fainting and dizzy spells. 

On the other hand, the natives of Cerro de Pasco are 
not troubled by the altitude; they work and play as hap- 
pily as though they were living at sea level. Examination 
of their bodies indicates that they differ physically from 
those who live at lower levels. Their lungs are larger, and 
they have enlarged and thickened hearts. Their veins are 
distended; their- blood is more viscous than normal and 
carries larger corpuscles. Generally, their hearts beat slow- 
ly and their bodies react like those of well-trained athletes. 

The animals in this high world exhibit the same 
physical characteristics. The horses look thin and scrawny, 
but they are able to outrun the lowland horses with ease 
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at South American race tracks. These animals from a lofty 
climate are barred from many meetings because of their 
superior performance. 

From our viewpoint, the most violent and venomous 
climate is that which is encountered on the uppermost 
mountains. The challenge to the human machine is in- 
credible while climbing them; for this reason, man has 
ranked the conquest of the high mountain peaks among 
his most superb physical accomplishments. 

Mount Everest in the Himalayas, called the "God- 
dess Mother of the World 35 by the natives living on the 
frozen steppes beneath her awesome shadow, is officially 
recognized as the highest mountain on the face of the 
earth. During World War II one of the pilots flying the 
"hump 55 drifted far north of his course and reported a 
peak which towered over thirty thousand feet in the Amne 
Machin Mountains, a mysterious, unexplored range 
northeast of Tibet. His discovery, however, was made by 
radar echoes observed from a height of twenty-eight thou- 
sand feet and has never been confirmed. Despite this one 
possible tarnish on her reputation, Everest remains the 
queen of them all, remote, mysterious, and, until recently, 
unconquered. 

Before 1852, Everest was known as Mount Chomo- 
lungma by the Tibetans and labeled simply as Peak XV 
by British surveyors. Rumor and legend held that she jut- 
ted upward to wondrous heights but no man could say 
how far. Then, in that year, a worker for the Indian 
Trigonometrical Survey was collating mountain elevations 
from data collected by that organization. Without leaving 
his office, he discovered that Everest was the loftiest pro- 
tuberance on the face of this earth and calculated its 
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height as exactly twenty-nine thousand and two feet. Al- 
though this figure is somewhat in doubt today, his feat still 
remains one of the most remarkable examples of armchair 
exploration on record. 

Since 1921 there have been twelve expeditions 
launched to climb Everest, and at least a dozen lives have 
been sacrificed in the effort. Until May 29, 1953, no man 
ever returned successfully from the top; on the eve of 
Queen Elizabeth's coronation the news was flashed around 
the world that an Australian beekeeper, Edmund Hillary, 
and a Sherpa guide named Tensing Bhutia had planted 
the British Union Jack on the summit. 

The conquest of Everest's fearsome slopes presented 
one of the most challenging physical problems known to 
modern man. The top is one vast icecap, battered by ter- 
rible winds and violent storms of snow and sleet. The 
ridges and gorges which must be climbed are filled with 
treacherous ice and are subject to sudden destructive ava- 
lanches. The average wind blows at the rate of one hun- 
dred miles per hour; the mean temperature is well below 
zero. Often winds of hurricane force strike without warn- 
ing beneath a clear sky, hurling stones with the speed of 
cannon balls. 

Many other mountains which men have conquered 
hold these perils. As a matter of fact, experienced moun- 
taineers have made the statement that Everest, relatively 
speaking, is favorably formed for climbing. They contend 
that mountains such as the Matterhorn, the sheer sides of 
which provide neither protection nor foothold, are much 
more impregnable. 

Why, then, did it take so long to conquer Everest? 

Some of those who tried and failed have provided a 
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ready answer. It was not the mountain which defeated 
them, but the weather and the lack of oxygen. One moun- 
taineer spoke of the terrible lassitude which overcomes a 
climber near the summit. Men who have worked for 
months with burning dedication to the task suddenly lose 
all ambition during the last few thousand feet. They suffer 
strange mental aberrations, and their reactions are dull. 
They speak of vague dreams and the inability to form co- 
herent sentences as their minds vacillate between unre- 
lated ideas. One climber remembers asking for a pickaxe, 
but when the word formed on his lips, he was surprised to 
hear himself calling for a shoe. Numbed by the constant 
frost, beaten by the howling winds, and weakened by the 
lack of oxygen, many would-be conquerers have been 
forced to turn back. 

When men seek to live on the levels above twenty-one 
thousand feet, physical deterioration sets in rapidly. Even 
the hardiest lose weight and there is a general wasting 
away of tissues and muscle. Strength and vitality decrease 
markedly. The lack of oxygen affects men in many differ- 
ent ways. Some vomit and others have blinding head- 
aches; perhaps half of them cannot sleep at all, while 
others must fight to stay awake. One mountaineer found 
that he had to take ten breaths instead of his normal one 
for each step forward. There is no escape from the biting 
winds and relentless cold. More than any other factor, the 
unfamiliar, terrifying climate of the upper levels stale- 
mated many attempts to climb the mountain. 

In order to live at all in the rarefied atmosphere of 
Everest, a certain period of acclimatization is necessary. 
Colonel John Hunt, who led the successful 1953 expedi- 
tion, sent his climbers high on the peak three weeks in ad- 
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vance so that their lungs could learn to function efficiently 
in the thin air. Oxygen bottles are helpful, but most moun- 
tain climbers refuse to depend entirely upon them. If the 
system should fail high on the barren rocks, the men 
would most surely be doomed were their lungs not accus- 
tomed to altitude. Gasping like netted fish, they would 
flounder drunkenly, unable to negotiate the easiest of 
slopes. 

Mountaineers who have taken part in these expedi- 
tions tell strange tales of a weird race of wild men who in- 
habit the upper reaches of Everest. Many footprints of 
these creatures, whom the Sherpas call "Yetis" or "Abom- 
inable Snow Men," were found above the nineteen-thou- 
sand-foot level by the 1951 expedition. Their tracks indi- 
cate that they have broad flat feet without arches. Tensing 
has seen one of them from a distance of twenty-five yards. 
He describes the Yeti as a creature, half man, half beast, 
about five and one-half feet tall, who stands upright and 
is able to run very fast on his heavy legs. His body is cov- 
ered with reddish-brown hair, and he has a thick chest 
and a tall, somewhat pointed head. Efforts to follow and 
capture the Yetis have always been defeated by their 
speed and the agility with which they traverse the glaciers 
and cliffs of the mountain. Like much of the mountain it- 
self, they remain a mystery. The explanation that they are 
a species of bear or monkey is not satisfactory to those who 
have seen their tracks. There is, however, one thing about 
which we can be certain concerning these strange inhabit- 
ants of Everest: they must be truly super-beings to with- 
stand the rigors of the climate and atmosphere in which 
they live. 

With the climbing of Everest, man completed a con- 
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quest that was millions of years in the making the con- 
quest of a planet. He has now set foot upon every major 
area of his globe. In a universe of cosmic forces that could 
smash him by a barely perceptible movement, he has dem- 
onstrated full survival ability on at least one stellar body. 
He has done so by stages, from nonexistence to depend- 
ence, and then to symbiotic partnership. From his local 
beginning, he has swarmed to cover the mountains, valleys 
and seas of his earth. This procedure has taken him less 
than fifty thousand years a cosmic instant. 

What new adventures lie ahead? 

During recent years scientists have probed far into 
the soundless void of outer space. On December 30, 1950, 
a glider flown by W. S. Ivans, Jr., soared without power 
to an altitude of over forty-two thousand feet, showing 
that strong vertical currents extend through the entire 
troposphere. In the summer of 1954, Major Arthur Mur- 
ray, U.S.A.F., climbed to ninety-thousand feet in a Bell 
X-1A rocket plane. Other rockets, carrying electronic 
equipment, have penetrated to about two hundred miles. 
From these flights we have learned many unique facts 
about the upper regions of our atmospheric prison. 

For example, scientists have found that the ozone 
shields us from the powerful ultraviolet radiation of the 
sun. Without this protection, the green earth would soon 
become a brown cinder. 

With these high-altitude soundings as a basis, Dr. 
Fritz Haber has calculated that no airplane of the designs 
we now use can expect to fly at altitudes above one- 
hundred thousand feet. Dr. Haber found that such a space 
craft must travel at extremely high speed in order to gain 
enough lift from its wings to support its weight. Although 
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the atmosphere at this altitude is incredibly thin, the fric- 
tion encountered in the necessary speed ranges would de- 
stroy the plane as effectively as the friction caused by an 
atmosphere of pure molasses. The pilot of such a craft 
would be faced with the alternative of flying fast enough 
to gain lift and burning himself up or of flying slower and 
falling down. 

Indeed, the known terrors which face our new ex- 
plorers rival the superstitions which beset the crews of 
Columbus; without doubt, there are many more obstacles 
still to be encountered. We can only be sure of one fact: 
man will attempt to surmount them. 

There can be no question that we stand on the thresh- 
old of new adventures. From the vantage point of earth, 
man will seek to reach the stars and establish his environ- 
ment and culture upon them. He will also remold his 
home planet and change its face to meet his needs. But 
whether we are inward or outward bound, our race has 
begun to let go its shackles; the next step will be from pas- 
sive partnership to active control of the previously uncon- 
querable environmental forces around us. 



CHAPTER 
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The Garden Planet 

"Rainbow to windward, foul fall the day; 
Rainbow to leeward, damp runs away." 
Old Sailor's Rhyme 

It has been at least three billion years since the earth 
was hurled forth as a flaming orb to spin and cool in space. 
The first life-thing made room for itself in the primeval 
ooze more than one billion years ago. Fossilized remains 
tell us that mammals strode about the earth for sixty mil- 
lion years. Man, by comparison, is a very recent inhabit- 
ant. His primitive ancestors have been traced back no 
more than fifty thousand years. His recorded civilization is 
seven thousand years old at the most, and his science is 
much younger still. By far, the bulk of his achievements 
have been made within the last three centuries : physics is 
no older than two hundred years; electronics and atomics 
are products of the last two decades. 

11921 
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Yet in his comparatively brief existence, man has suc- 
cessfully met the challenge of his environment. It has been 
said that his forward progress is almost too successful, 
since the ever-growing population already crowds the fer- 
tile areas of the earth. Fifty years ago, the prospects for 
the race looked bleak indeed; some scientists forecast the 
day when the huge numbers of living humans would re- 
duce all of us to semi-starvation. Today, however, this out- 
look has been drastically altered by the advance of scien- 
tific knowledge. We have begun to control the weather 
and extract energy from the sun. In a very literal sense, 
we are already mining the atmosphere, and man's ancient 
dream of a garden planet grows daily nearer reality. 

Looking backward, we can see many mistakes. For 
example, the first step toward control of the atmosphere 
should have been taken in the middle of the nineteenth 
century, for it was then that Dr. David Livingstone made 
a remarkable discovery in the most remote part of the 
African jungle. 

Dr. Livingstone was studying the strange practices of 
the natives and had become friendly with Sechale, one of 
Africa's greatest witch doctors. One summer day he was 
approached by the tribe's medicine man and told that 
Sechale was about to make rain. Was the Doctor interest- 
ed? He certainly was. 

Sechale explained that the drought cure was char- 
coal of a special magical kind. The recipe called for burn- 
ing a pungent mixture of bats' wings, jackals' livers, excre- 
tions from a mountain pony, serpents' skins, the hearts of 
baboons, lions' hair, and various tubers, bulbs, and roots 
found in the African bush country. After the charcoal was 
made, it was burned on the windward side of the clouds so 
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that its magic incense penetrated them from below. Liv- 
ingstone scoffed and told the medicine man that the clouds 
were not charmed by his odorous smoke; but nevertheless 
he was amazed at the amount of rain which resulted from 
the experiment. The good doctor jotted down the formula 
and included it in one of his books. Thus, without realiz- 
ing it. Dr. Livingstone wrote the first practical textbook 
on weather control. 

One hundred years later, in 1953, the scientists of the 
Water Resources Development Corporation placed twelve 
waist-high pots in the desert near Lake Dallas, Texas. 
These did not contain bats or baboons, but the principle 
was precisely the same. A pungent chemical mixture of sil- 
ver iodide was allowed to smolder, releasing a billowy 
smoke which drifted upward against the windward side of 
the clouds overhead. This smoke was created for eight hun- 
dred and seventy hours over a six-month period. A check 
of the water storage showed that the level in the Dallas 
drainage basin had increased over three hundred and fifty 
per cent. Other reservoirs near by had fallen or had barely 
held their own during the same period. 

With all his chanting of secret words and magic 
dances, Sechale had stumbled upon a scientific and ex- 
tremely useful discovery. But it took a very long time for 
weathermen to grasp the idea, even though they had been 
confronted with it for many years. The Indians of the cen- 
tral plains had dotted their reservations with rain fires to 
coax the sulky rain god while they beat their tom-toms. 
Still, no forecaster ever made a prediction of rain based 
on their activities. These were considered just another wild 
native superstition. 

It remained for two European scientists, Walter Fin- 
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dersen and Tor Burgeron, to realize that the Indians and 
African savages might have something. Shortly after 
World War I, Bergeron explained that the vast bulk of 
moisture in the air existed as droplets so small that they 
are invisible to the human eye. The vertical movement 
within the great weather fronts, said Bergeron, caused this 
moisture to condense into clouds by the process of cooling. 
He visualized this action as being similar to that which 
occurs on the windshields of our cars when they become 
foggy on cold winter mornings. As the vertical movement 
continues, some of the water particles are carried into still 
cooler regions and another amazing phenomenon takes 
place. Instead of freezing at 32 degrees, the normal freez- 
ing point of water, the droplets maintain their liquid form 
all the way to minus 39 degrees. Water in this state is 
called supercooled; its formation baffles scientists to this 
day. 

Bergeron postulated that when the air-borne water 
droplets reached a given critical size, they fell as rain. The 
trick in rain-making, then, was to find some artificial 
means of increasing the droplet size in the potential rain 
clouds. 

The two scientists quickly discovered that dust parti- 
cles and other floating matter in the atmosphere act as 
condensation nuclei, collecting water droplets into still 
larger droplets which soon become heavy enough to fall as 
rain. Ice crystals formed by the freezing of supercooled 
water droplets were observed to be very efficient drop- 
collectors. Perhaps the idea seemed too fantastic to prac- 
tical men; in any case, the scientists were not able to ob- 
tain financial support for their experiments and nothing 
further was done until 1946. 
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In that year, the scientists of the General Electric 
plant in Schenectady revived the experiments by simulat- 
ing the conditions of the atmosphere in the laboratory. 
Drs. Irving Langmuir, Vincent Schaefer, and Bernard 
Vonnegut conducted basic research on the subject which 
culminated in the joint Army, Navy and Air Force effort 
caUed "Project Cirrus." 

Some of these early experiments on supercooled 
clouds were fascinating in their simplicity. In the course 
of their studies, the General Electric scientists delved into 
some very basic cloud physics. One of the things they 
could not explain was the high percentage of water clouds 
encountered at temperatures below freezing. If water 
freezes at 32 degrees, why is it that clouds do not turn into 
ice crystals when they fall to this temperature? 

Dr. Schaefer produced some water droplets with 
temperatures below freezing in an ordinary home-freezer 
unit by blowing his breath into the cooler. The clouds 
formed at zero degrees but very few ice crystals were ob- 
served in the clouds themselves. Various substances, such 
as silica, carbon, graphite, and many others, were tried 
without success as nuclei to initiate ice-crystal formation. 

One torrid July day the cold box was sluggish in its 
cooling-down process. To speed up the cooling, a piece of 
dry ice was placed in the box. In an instant the cloud be- 
came a mass of glittering ice crystals. Dr. Schaefer blew 
his breath into the cloud of ice crystals but now, instead 
of becoming a water cloud, the cloud soon disappeared 
and condensed on the ice crystals. 

What caused this dramatic change from liquid to 
solid? Subsequent work showed that water has a critical 
temperature of minus 39 degrees. Below this temperature 
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it will always turn to ice, even without the presence of dust 
or other foreign particles. Anything that will reduce the 
temperature of the water below this figure will cause ice- 
crystal formation. 

Some rapid calculations showed that a piece of dry 
ice about the size of a pea can produce enough ice crystals 
to seed a cubic mile of clouds. With this thought in mind, 
Dr. Schaef er hired a private plane on the morning of No- 
vember 13, 1946. The previous evening he had studied 
weather maps and temperature soundings and had found 
that a good possibility of supercooled clouds existed on 
the following day. The morning of the flight he made a 
final check on the weather and found a favorable situation 
in the local area. His associates helped break up some dry 
ice into fine particles, and he and his pilot climbed into 
the plane. They took off and headed for the Mount Grey- 
lock area, while Dr. Langmuir observed from the ground. 
As they approached the potential seeding point, some iso- 
lated patches of altostratus clouds, several thousand feet 
thick, were observed, and they climbed over the top of 
these clouds. After making preliminary observations to see 
if the clouds were composed of supercooled water drop- 
lets or ice crystals, they decided that the clouds were wa- 
ter-laden and began to sprinkle dry ice into them. After a 
few passes over the cloud deck, they flew off to one side 
to observe the results of the seeding. 

Trailing wisps of snow were falling out of the base of 
the seeded clouds. The unmistakable signs of successful 
cloud seeding were visible even to Langmuir at Schenec- 
tady some forty miles away. A quick glance at the nearby 
patches of unseeded clouds revealed no snow or rain fall- 
ing. 
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History was being made. Man now could directly al- 
ter nature's plans. The sense of awe experienced by the 
General Electric scientists must have rivaled that felt by 
the nuclear scientists witnessing the explosion of the first 
A-bomb at Alamogordo, New Mexico. 

Further advances were rapidly made. Dr. Vonnegut 
discovered that water droplets could not distinguish be- 
tween true ice and silver-iodide crystals. Experimentation 
proved that silver iodide, burned from ground dispensers, 
sometimes produced rain even more efficiently than dry 
ice and at a much lower cost. Two pennies' worth of silver 
iodide is enough to seed up to five hundred cubic miles of 
supercooled clouds. 

The experiments by Langmuir and Schaefer opened 
up a whole new branch of meteorology. Man was now in 
a position to do something about the weather besides just 
talk about it. 

Many authorities read a deep significance into man's 
ability to unlock the treasure of air-borne moisture. They 
predict that the vast arid areas throughout the world may 
be transformed into food bowls to feed the growing popu- 
lation of earth. Storm control appears possible within the 
next forty years. The deadly hurricanes, tornadoes, and 
thunderstorms are all erected upon a foundation of super- 
cooled clouds. We may be able to alter the structure of 
these storms by seeding them, so that they collapse before 
they become damaging. 

Perhaps the greatest benefit we can hope to gain is 
an economic one. The welfare of many nations rests on 
the narrow margin between plentiful food supply and 
famine produced by a dry year. The great blight of our 
world, hunger, may be reduced by the successful applica- 
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tion of weather-modification projects. A practical rain- 
making program which would insure ample irrigation in 
India and the Near Eastern countries might win us far 
more friends than any number of American dollars scat- 
tered over the dry rice paddies. 

The seventeen trillion tons of water in the air offer 
a bountiful harvest if we can successfully reap it. But the 
atmosphere contains even greater riches. More than a 
thousand trillion kilowatt hours of energy beat unceasing- 
ly upon the earth's surface each day, radiated by the sun. 
This daily flow of energy is comparable to all the known 
reserves of coal, oil, falling water, natural gas, thorium, 
and uranium on the earth. 

The possibility of harnessing this vast solar energy has 
been the hope of scientists ever since it became apparent 
that the fuel supplies of earth were approaching exhaus- 
tion. Although a search for fuel is always on, newly dis- 
covered sources of power fail to replace the depletion of 
existing reserves by our growing industrial civilization. 
Even atomic energy offers little relief from this dilemma. 
The costliness of nuclear material for general usage, 
coupled with its limited supply, indicates only temporary 
relief. 

As a consequence > man has turned to the great quan- 
tity of energy which pours upon him from outer space; the 
scientists who are searching to tap the sun's rays have fol- 
lowed many trails. Efforts have been made to trap the sun- 
light by enormous mirrors. These have been focused upon 
water to split its molecules into basic hydrogen and oxygen 
which could then be burned as fuel. This process has been 
partially successful, but not more than one part in a hun- 
dred of the solar energy has been harnessed by means of it. 
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During 1954 a development occurred which may be- 
come the most revolutionary of our age. This was the con- 
struction of the first solar battery. Compounded out of 
commonplace materials with no moving parts, it is a de- 
vice which theoretically should last forever. Very possibly, 
with further development, it will open the door to the un- 
limited energy of the sun. 

The solar battery was developed by a scientific task 
team of the Bell Telephone Laboratories. The heart of 
this device is composed of very thin strips of silicon, the 
most common substance to be found on the surface of our 
earth. Each of these strips is about the thickness of a razor 
blade, and for some mysterious reason an electric current 
flows within them when they are exposed to sunlight. If 
they are linked together, they will provide power from the 
sun at the rate of fifty watts per square yard of exposed 
surface. The power generated represents six per cent of 
the total sun power falling on the battery. This is compa- 
rable to the energy our steam engines and gasoline motors 
extract from their fuels, with no engines to stoke and no 
dams to build. 

Although the solar battery is still a laboratory device, 
the Bell Telephone Laboratory scientists foresee vast pos- 
sibilities for its use in the future. Even in its present crude 
form, it has been used as a power source for a mobile radio 
transmitter. Already the telephone companies plan to in- 
stall it as a battery charger on amplifier stations along 
rural phone lines. 

Ultimately, the applications for the solar battery as a 
power source are limitless. Incorporation of the silicon 
sheets in the roofs of private homes may supply all the re- 
quirements of lighting, electrical power, and heating for 
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the lifetime of the house and for no additional expense. 
Conceivably, this revolutionary development may make 
electrical energy among the world's cheapest and most 
plentiful commodities. 

During these years when man has been conquering 
his environment of gases, he has also been changing its 
form and texture. Serious concern has been expressed re- 
cently over the long-range effects of some of this pollution. 
The prime source of worry has been the recent experi- 
ments with atomic and hydrogen bombs; we have become 
familiar with such phrases as the fall-out effect and muta- 
tions due to radioactivity. There are many who say that 
exploding the big bombs is like pouring deadly arsenic in- 
to a pond: the fish will surely die. 

Prince Louis de Broglie, a leading French physicist 
and Nobel Prize winner, believes that the danger mark has 
already been reached for the world's plant and animal 
life. He lists several causes for his concern. 

According to De Broglie, there is a possibility that the 
vast amount of nitric acid created by H-bomb explosions 
may upset the chemical balance of the atmosphere and 
scorch the earth's vegetation. The billions of tons of debris 
thrown high into the upper atmosphere may form conden- 
sation nuclei to act as a gigantic, uncontrollable, rain- 
making project which produces far-reaching effects on the 
pattern of the winds. Also, this air-borne garbage may ul- 
timately shroud part of the globe in semi-gloom, creating 
a new ice age of swift and terrible expansion to descend 
upon us. Not the least of his misgivings is associated with 
the long-term effects of releasing gamma radiation into 
the air. There are sound reasons for believing that even a 
small increase in the radiation content of the atmosphere 
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will produce drastic changes for the future inhabitants of 
our globe. 

De Broglie's concern is echoed by other groups. The 
increase in air-borne radioactivity is already a serious 
nuisance to scientists who date ancient objects by means of 
radioactive carbon 14. This substance has a radiation life- 
time of many thousands of years, and by analyzing fossils 
for carbon 14 it is possible accurately to date their origin. 
However, laboratories near the Nevada atom-bomb test 
site can no longer use this method. There is too much gen- 
eral radioactivity in the area. 

Similar experiences have been encountered on the 
eastern seaboard of the United States when radioactive 
clouds drift in overhead. So far, the activity has not been 
strong enough to injure health, but the delicate measuring 
apparatus in many laboratories give false readings. If the 
big bombs are exploded in greater numbers, one of the re- 
sults may be that scientists will have to abandon an out- 
standing method for dating ancient objects. However, this 
disadvantage will probably go unnoticed because of other 
results far more devastating. 

Non-atomic pollution of the atmosphere is also a cur- 
rent hazard. Increasing world population and industrial 
expansion are releasing all sorts of garbage into the air. 
A great deal of this is in the form of carbon dioxide, and 
some scientists attribute the general wanning of the 
earth's climate to this cause. Temperature records kept 
during the past hundred years indicate a rise of 2 degrees. 
The great glaciers have been retreating along the north- 
ern rim of the world, and the cold-water fish are migrat- 
ing northward. Industrial smog grows worse each year. It 
is estimated that the London smog carries with it more 
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than five million tons of sulphur dioxide alone* To this 
must be added the soot, the ashes, and the other chemical 
waste which coat our buildings and our lungs. 

The prophets who predict the doom of the human 
race see much import in all of this. To be sure, there are 
many menacing elements in our universe for those who are 
inclined to be afraid. But we who face the possible dangers 
of the H-bomb fall-out are of the same caliber as those 
who discovered the timeless laws of electricity and me- 
chanics. If we stand today in the face of destruction, we 
also stand at the threshold of space travel; this too will be 
of our own making. 

For most of his brief span, man has not understood 
that he lives within a sea of gases resembling in many ways 
the sea of water which encompasses the land. Indeed, dur- 
ing the infant days of his existence, he held many strange 
superstitions about the atmosphere which are incredible 
to his enlightened brethren of today. 

But the real miracle is not that man was once without 
knowledge, but that he has managed to learn at all. It was 
truly remarkable when Copernicus decided that the world 
was round, for the glpbe reaches outward, flat and level, 
as far as the eye can see; its curvature cannot be felt or 
known by any faculty other than the human brain. The 
discovery that the air has substance just as the rocks of the 
mountains and the water of the rivers was equally won- 
drous, because air, like the faith in man's heart, has 
neither shape nor color. Its structure has the texture of a 
dream and its form is no more definite than flowing sand. 

The great tower of discovery reaches upward endless- 
ly; and many hands labor to build it higher still. The 
achievements we have already recorded and the enterprise 
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within us now make it plain that vast new ages full of 
promise lie before our race. And we will climb to meet 
them, even though the stairs are dark and we have no light 
to guide us except that of our own courageous, questing 
spirit. 
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understandable pattern, making clear 
the strange phenomena of changing 
weather: rain, sleet, snow, sunshine, 
wind, fog, cloud formations, the causes 
of thunderstorms, hurricanes, tornadoes, 
and typhoons. Rising above the surface 
of our own atmosphere, the author un- 
ravels the mystery of the troposphere, 
the stratosphere, the ionosphere, and 
the exosphere, and the problems of 
human survival at each level for future 
travelers in outer space. 

Coming back to the earth, the au- 
thors show how weather has affected 
history, civilization, and architecture in 
such examples as General Mud against 
Napoleon, The Defeat of the Spanish 
Armada, The Battle of the Bismarck 
Sea, and the Strategic Use of Weather 
in Warfare. One of the most fascinating 
divisions of the subject concerns the 
effect of weather on health, the psycho- 
logical and physiological effects of 
weather on man, and his efforts 
throughout history to adapt himself to 
his own comfort and needs. 



